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РЕЗЮМЕ 
СИНТЕЗ КУКУРУЗЫ С ДВУХРЯДНЫМ ПОЧАТКОМ 
Л. Д А Н И Е Л 
Инцухтируя материал H E P P E R L Y ( 1 9 4 9 ) с нечетным числом рядов зерен, потом 
повторно скрещивая с четырехрядными линиями, удалось синтезировать кукурузу со 
стоящими по одному колосками и двухрядными початками. Скрещивания показали, что 
свойство обусловлено геном. В настоящее время стараемся зафиксировать это свойство, 
но это затрудняется стерильностью и развитием малого количества рылец. 
ВЗАИМОСВЯЗЬ МЕЖДУ ОБРАЗОВАНИЕМ ПЫЛЬЦЕВОЙ ТРУБКИ И 
МИКРОГАМЕТОГЕНЕЗОМ S. dulcamara L. 
ДЬ. ПАЛ, Б. БАРНАБАШ 
В процессе развития микрогаметофита S. dulcamara L. образование пыльцевой 
трубки в условиях in vitro может начаться в состоянии либо микроспоры, либо молодого 
гаметофита (двуклеточного пыльцевого зерна), а также зрелого гаметофита (трехклеточ-
ного пыльцевого зерна). Следовательно образование и рост пыльцевой трубки не зави-
сит от состояния микрогаметогенеза. В процессе развития микрогаметофита одновременно 
совершаются два независимых друг от друга процесса; один из них — процесс развития, 
это микрогаметогенез, а другой — процесс роста, это процесс образования пыльцевой 
трубки. 
УСКОРЕНИЕ ЯРОВИЗАЦИИ ПШЕНИЦЫ С ПОМОЩЬЮ СВОБОДНОГО ОТ 
2-ХЛОРОЭТИЛФОСФОННОЙ КИСЛОТЫ ЭТИЛЕНА 
А. КРОМИНСКИ, Б. РОЗЕЙ 
Зерна озимой пшеницы, яровизированные в холодильнике при 2 °С выдерживались 
в растворах 50, 200 и 500 ррт. 2-хлороэтилфосфонной кислоты (СЕРА), освобождающей 
этилен. Ускорение яровизации наблюдалось у растений, обработанных холодом и раст-
вором СЕРА. 
РАЗМЕЩЕНИЕ УДОБРЕНИЯ И АБСОРБЦИЯ ФОСФАТА У ПОЛЕВЫХ КУЛЬТУР, 
ВЫРАЩЕННЫХ НА НЕИЗВЕСТКОВОЙ ПОЧВЕ МАНИТОБЫ 
Й. П. К А Д Р А 
Эксперимент был проведен в оранжерее, с целью изучить влияние метода размеще-
ния удобрения на использование фосфата из неизвестковой почвы. Кристаллы Р
32
-меченого 
фосфата монокалня (диаметр 0,10—0,25 мм) размещались или помещались в форме гранул 
в маленькой полости в почве в середине сосуда приблизительно 1,4 см под семенами. 
37,8; 27,2; 17,3 и 9,1 процентов фосфора было поглощено соответственно гречихой, рап-
сом, пшеницей и льном из одинаково размещенных кристаллов, и 24,2; 24,6; 14,2 и 5,0 
процентов фосфора из гранул. Эти данные сравнивались с результатами, полученными 
ранее на известковой почве из Манитобы. 
СОДЕРЖАНИИ ФОСФОРА, ЛИПИДА И ФОСФОЛИПИДА В МИОФИБРИЛЛЯРНЫХ 
БЕЛКАХ 
11. Содержание липида и фосфора в миозине 
Ш. ФАЗЕКАШ, В. СЕКЕШИ-ХЕРМАН, Л. ВОДНЯНСКИ, Г. КАТОНА 
В работе изучали гетерогенность миозина, а также содержание в нем фосфора и 
липида. Установлено, что содержание фосфора в миозине меняется в зависимости от ме-
тода препарации (3—4,5 г атом на 5. 105 г белка). Содержание фосфора во фракциях, под-
вергнутых хроматографии тоже меняется, и соответственно условиям выделения в зави-
симости от концентрации пирофосфата набирает данную концентрацию. Содержание липида 
в миозине было гораздо более высоким, чем 4%, что известно из литературных данных 
( L Y N N 1 9 6 5 ) . Благодаря агрегации макромолекулы весь липид из миозина можно устра-
нить только многократной обработкой Chi—МеОН в течение очень долгого времени, но 
подвергаясь диализу из молекулы медленно освобождается липид, большая часть которого 
появляется в диализирующей воде. Миозин, частично освобожденный из липида, дает 
ультрафиолетогый спектр, и спектр диффенреции-экстинкции можно зарисовать в отличии 
от сырого миозина, у которого этого сделать нельзя. На DEAE-целлюлозной колонке 
миозин можно разделять по крайней мере на 4 фракции, но только третья фракция показы-
вает электрофоретически единственный компонент. Изучая отдельные фракции, подверг-
нутые хроматографии видно, что под влиянием диализа они еще дают липид, и даже креп-
косвязанный остаток липида только в это время можно извлечь экстрагированием смесью 
Chi : МеОН. Свежеизолированные липиды миозина являются бесцветными жидкостями, 
которые на воздухе быстро подвергаются автоокислению и подвергнутые неспецифичес-
кой полимеризации становятся смолоподобным материалом коричневого цвета. На плас-
тинках ТЛЦ (гель силика) свежие липиды, освобожденные диализом дают 6—7 пятен, а 
хроматографированные фракции миозина только 2—3 пятна (на местах соотвествующим 
лецитину и кефалину), которые после автоокисления исчезают и показывают другую ло-
кализацию. 
ИССЛЕДОВАНИЕ ПРОТОН-МАГНИТНОГО РЕЗОНАНСА НА РАСТИТЕЛЬНЫХ 
МАСЛАХ И СЕМЕНАХ 
Л. ТОЛНАИ, К. ТОМПА 
Измерения протон-магнитного резонанса проводились на семенах, а также эк а -
гированном масле трех масличных растении, с помощью ядро-магнетического резонансо-
вого спектрометра (ММР). Установлено, что имеющийся в наличии ММР-спектрометр явля-
ется удобным для разделения ММР спектров протонов, находящихся либо в твердом ма-
териале (напр. в целлюлозе), либо в жидких или твердых жирах. Чувствительность обо-
рудования достаточна для измерения одного семени, при достаточно большом отношении 
между знаком и шумом. Содержание свободной воды не мешает измерению масла. 
РАЗЛИЧЕНИЕ ВИДОВ РОДА BRASSICA ФОТОМЕТРИЧЕСКИМ ИЗУЧЕНИЕМ 
КОМПЛЕКСА КРАСЯЩИХ ВЕЩЕСТВ СЕМЯН 
Э. П А П П 
Комплекс красящих веществ семян рода Brassica различается по видам. Красящее 
вещество растворялось в 1,5 мольном растворе NaOH, показывая различные цвета. Цвет 
флуоресценции растворов и замоченных семян не отличался, но на дневном свете цвет раст-
воров различался. Цвет растворов ещё лучше можно было различить на основании кривых, 
полученных с помощью спектрофотометра. На основе цвета растворов и кривых изученные 
виды и разновидности подразделяются на группы.Различение видов иразновидностеймежду 
группами оказалось возможным, а внутри группы — приблизительным, на основе упомя-
нутых цветов и растворов спектрофотометрических кривых. 
МОДЕЛЬ П О Г О Д Н Ы Х УСЛОВИЙ Д Л Я ИССЛЕДОВАНИЙ В ФИТОТРОНЕ 
Я. ПЛЕТЧЕР 
Автором излагаются главнейшие показатели строящегося в Мартонвашаре фито-
трона, принадлежащего Сельскохозяйственному Научно-исследовательскому Институту 
Венгерской Академии Наук. Для моделирования элементов погодных условий использо-
валась серия данных Мартонвашарской Агрометеорологической Обсерватории, а также 
Всевенгерского Института Метеорологии. Подробно излагается метод соединения тригоно-
метрической функции. Вычисления произведены на компьютере. Среди результатов при-
водится годовой ход 7 и 13 часового наблюдений, представляющих крайние показатели, а 
из суточных ходов приводятся январский и июньский, т о ж е представляющие крайние по-
казатели в годовом отношении. Точность приближения соответствует установке элемен-
тов, программируемых в фитотроне. 
ДИНАМИКА Ц В Е Т Е Н И Я И ПЛОДОВИТОСТИ ПЕСТИКОВ У СОРТОВ ГРУШИ 
Й. НЕКИ 
Изучалась динамика цветения и плодовитости пестиков 12 сортов груши между 
1968 и 1970 годами. Между сортами наблюдались различия по годам, по началу цветения, 
степени одновременного цветения и времени полного цветения. В среднем по изученным 
годам сорта требовали в сумме 3510,5 °С тепла, чтобы начать цвести. Пестики были плодо-
витыми в течение 2 или 3 дней, в зависимости от метеорологических факторов, «увядание» 
(побурение и высыхание) наступало скоро — через 1 или 2 дня. Раскрывание пыльников 
того ж е самого цветка в ясную погоду продолжалось в течение 1—2 дней, и в течение 4—5 
дней в дождливую, холодную погоду. Сексуальная зрелость пестиков наступала на 1—4 
дня раньше, чем у пыльников. 
КОМПЕНСАЦИЯ ЭЛЕМЕНТОВ У Р О Ж А Я У ЯРОВОГО ОВСА И И Х СЕЛЕКЦИЯ 
Я. СИРТЕШ 
В опыте при рендомизированном распределении блоков, на высоком уровне удобре-
ния почвы, методом линейного анализа регрессии изучались элементы урожая интенсив-
ных сортов и линий Avena saliva L. а также их компенсация при ограниченной густоте 
стояния (в среднем 216 метелок/м2). Используя ограниченную густоту стояния намерева-
лись вынудить компенсационный механизм элементов у р о ж а я к действию. Линейная 
регрессия положительной корреляции была найдена м е ж д у урожаем зерна и числом ме-
телок на м
2
, урожаем зерна и числом зерен на метелку, урожаем зерна и объемным весом 
(кг), а также между урожаем зерна и соломы. За исключением последнего варианта кор-
реляция регрессии была на более низком уровне вариации, поэтому ее селекционная цен-
ность оказалась ограниченной.Это значит, что самые высокие значения, показывающие кор-
реляцию регрессии —270 метелок/м2,85 зерен/металку и 45 кг объемный вес — должны быть 
приняты во внимание в опыте во время селекции, в противном случае урожай зерна может 
быть пониженным. Это заключение в сущности не является перспективным с точки зрения 
селекции. Положение благоприятнее в случае отношения между урожаем зерна и соломы 
потому, что их регрессия появилась на самом высоком уровне вариационной линии, обес-
печивая значительную основу для выбора. Не было найдено регрессионной корреляции 
между урожаем зерна и весом зерна на метелку, а также м е ж д у урожаем зерна и абсолют-
ным весом. Благодаря ограниченной густоте стояния, вес зерна на метелку повысился в 
большой мере (X = 2.65 г.), и таким образом популяционный дефицит компенсировался. 
В Л И Я Н И Е РАЗЛИЧНОЙ ВЛАЖНОСТИ ПОВЕРХНОГО СЛОЯ П О Ч В Ы НА 
ПОГЛОЩЕНИЕ К У К У Р У З О Й АЗОТА И ФОСФОРА 
Й. ДОМБОВАРИ 
Опыт в оранжерее был поставлен для того, чтобы определить влияние разного 
уровня влаги поверхностного слоя почвы на поглощение кукурузой N и Р из удобрения; 
при этом нижняя часть корней находилась в чистой воде или в воде, содержающей N и Р. 
На основе данных установлено, что уровень влажности почвы оказывал существенное 
влияние на содержание N, и незначительно влиял на содержание Р в растениях. Влияние 
влажности почвы на процент N и Р, поглощенных из удобрений было незначительным. 
Поглощение фосфора из удобрения, внесенного в почву, оказалось совсем небольшим в 
случае, когда растения были снабжены водой до нижней части корней. В растениях со-
держание азота, поглощенного из удобрения, оказалось сравнительно высоким в случае 
сухой почвы, хотя оно было в 2—5 раз меньше по сравнению с влажной почвой. Содержание 
влаги в почве не имело значительного влияния на поглощение N l ä из раствора, но погло-
щение Р увеличивалось с понижением уровня влажности в почве. При обработках, у ко-
торых N P дали и в почву и в воду, пог лощение N15 зависило от влажности почвы в незна-
чительной мере тогда, как поглощение Р
з а
 увеличилось в случае более низкого уровня 
влажности. 
И З У Ч Е Н И Е АБНОРМАЛЬНОГО РОСТА РАСТЕНИЙ 
II. Структура галлов, вызванных насекомыми у Prosopis spicigera L. 
T. M. ВАРГЕЗЕ, С. ВАРМА 
Изучалась анатомия стеблевых ГаЛЛОВ, вызванных насекомыми У Prosopis spicigera. 
З а р а ж е н и е насекомыми происходит на ранних стадиях развития стебля. В стеблевых гал-
лах насекомые обнаруживаются в корковой паренхиме, а также в медуллярных лучах. 
Зараженный стебель характеризуется ускоренной продукцией древесины. Образование 
васкулярных лучей прекратилось благодаря инфекции. Создание большего количества 
апотрахеальной паренхимы между трахеальными группами, а также образование лизиген-
ных полостей оказались другими признаками, отмеченными в развитии стеблевых галлов. 
В Л И Я Н И Е СОРТА И АЗОТА Н А ХАРАКТЕРИСТИКУ ТЕСТА, А Т А К Ж Е 
С О Д Е Р Ж А Н И Е Б Е Л К А У НЕСКОЛЬКИХ НОВЫХ ВЫСОКОУРОЖАЙНЫХ СОРТОВ 
П Ш Е Н И Ц Ы 
А. АУСТИН, X. Д . СИНГ, Г. САДАСИВАН 
Девять выведенных в настоящее время высокоурожайных сортов пшеницы, выра-
щенных на трех уровнях азотного удобрения, изучались по содержанию белка и по харак-
теристике теста, а именно время брожения теста, стабильность, площадь миксограммы, 
эластичность, угол брожения теста и высота пика. Результаты показывают, что сортовые 
различия были достоверными по всем признакам, тогда как влияние азота оказалось сиг-
нификантным по высоте растений, эластичности и проценту белка. Рассматривая относи-
тельную характеристику теста различных сортов, Хеера, Х Д . 1944 и Х Д . 1949 очень 
надежными оказались время брожения, стабильность и площадь миксограммы, т. е. три 
признака, особенно важные с точки зрения хлебопекарного качества. Исследования кор-
реляции показали, что содержание белка не влияет на качество теста. 
Р А С П Р Е Д Е Л Е Н И Е ОБЩЕГО С О Д Е Р Ж А Н И Я В, Си, Мп и Mo В ПРОФИЛЯХ 
Н Е С К О Л Ь К И Х ТИПОВ ПОЧВЫ Н А МАЛОЙ ВЕНГЕРСКОЙ НИЗМЕННОСТИ,* 
И СВЯЗЬ ЕГО С НЕКОТОРЫМИ ПРИЗНАКАМИ П О Ч В Ы 
Б. КЕРЕСТЕНЬ 
Определены общее содержание бора, меди, марганца и молибдена в профилях гу-
мусовых наносных, черноземно-луговых, типично луговых и навозно-луговых почв, обра-
зованных над обломочным конусом Д у н а я , а также в осушенной и разделенной на участки 
* Территория в северо-западной части Венгрии. 
болотной местности. Во всех изученных типах почвы микроэлементы аккумулировались в 
верхнем слое, в 1,67—3,06 раз больше, чем в материнской или основной породе. Однако, 
благодаря стратификации аллувиального происхождения, аккумуляция микроэлементов 
была иногда найдена и в горизонтах В или С. Множественные регрессионные равенства 
показали, что содержания бора, меди и марганца было наивысшим в почвенных образцах, 
содержащих 8,5; 7,1 и 5 ,0 процентов орг анических веществ. В образцах, содержащих 
либо очень мало, либо очень много органических веществ, количество микроэлементов 
было одинаково малым. С другой стороны, содержание молибдена повысилось пропор-
ционально повышению содержания органических веществ в почвенных образцах. Содер-
жание меди было наивысшим в почвах, богатых устойчивым гумусом, а содержание мо-
либдена — в богатых неустойчивым гумусом почвах. 
В почвах, содержающих мало органических веществ, изученная биологическая и 
адсорбционная аккумуляция микроэлементов была одинаково сигнификантной, а в поч-
вах, содержающих много органических веществ, содержание молибдена аккумулировалось 
главным образом биологически, а содержание меди и марганца — путем адсорбции. Содер-
жание микроэлементов не влияло на условия растворимости, зависящие от химической 
реакции pH. 
АНАТОМИЧЕСКИЕ ИССЛЕДОВАНИЯ ГАЛЛА НА КОРНЕ ЦИКОРИЯ 
(Cicherium intybus L.) 
В. К. ШАРМА, А. к . СРИВАСТАВА 
На корнях цикория образование галлов, вызванное инфекцией нематод корневого 
узла, началось пролиферацией паренхиматических тканей в центре, и явилось результа-
том гипертрофического роста. Вследствие увеличенного числа и размера паренхимати-
ческих клеток в коре, некоторые ткани погибли ввиду излишней мацерации и присо-
единились к перидерму. Перидерм о к р у ж и л несколько живых паренхиматических кле-
ток коры, вызвав таким образом образование больших полостей. Развитие трахеидов 
исходило из ряда поперечных начал, которые позже распространились везде, а на опреде-
ленных местах спиральные трахеиды окружили живые паренхиматические клетки, создав 
таким образом большие полости. Спиральные, циркулярные, прямые, прямостоящие, по-
слойные и изолированные, имеющие лопасти организации васкулярных элементов оказа-
лись главным признаком. Несколько этих трахеидов подверглись сегментации благодаря 
эксцессивной пролиферации окружающих паренхиматических клеток, поэтому фрагмен-
ты распространились везде в галле. В настоящее время ведется идентификация нематоды, 
связанной с образованием галлов в корнях цикории. 
В Л И Я Н И Е АГРОТЕХНИЧЕСКИХ ФАКТОРОВ НА ЭВАПОТРАНСПИРАЦИЮ РИСА 
В. К. ВАМАДЕВАН 
На протяжении д в у х вегетационных периодов риса сравнивались две популяции 
растений при двух глубинах воды с двумя дозами азота, и определялось их влияние на 
звапотранспирацию риса. Эвапотранспирация измерялась установлением гальванизиро-
ванных железных резервуаров на рисовом поле. В течение раннего периода роста риса 
увеличение водяного слоя вызывало сигнификантноеувеличениеэвапотранспирации. В позд-
нем периоде разницы не наблюдалось. В обеих глубинах воды эвапотранспирация оказа-
лась сигнификантно различной у двух разных популяций. Дозы азота в сущности не по-
влияли на звапотранспирацию. Однако, наблюдалась тенденция, по которой высокое 
содержание азота увеличило звапотранспирацию при глубине воды в 5 см. Противополож-
ный эффект наблюдался при глубине воды в 20 см. 
КОРРЕЛЯЦИЯ М Е Ж Д У УРОЖАЕМ И ДРУГИМИ ПРИЗНАКАМИ В Л И Н И Я Х «А» У 
ПШЕНИЦЫ 
Л. БАЛЛА 
У многих гибридных комбинаций наблюдалась положительная корреляция между 
урожаем зерна и высотой растения, а т а к ж е между урожаем зерна линии «А» и высотой его 
материнского растения. У таких комбинаций селекция на высоту может содействовать 
выделению высокоурожайных растений. Корреляция изменялась в зависимости от ком-
бинации. Не было корреляции между урожаем зерна линий и вегетационным периодом, 
поэтому при наших условиях и у изученных комбинаций селекция на раннеспелость не 
влечет за собой снижения урожайности. 
СОДЕРЖАНИЕ ХЛОРИСТЫХ ИОНОВ В НОРМАЛЬНОМ И ПАТОЛОГИЧЕСКОМ 
ОВЕЧЬЕМ МОЛОКЕ 
А. ВАГНЕР 
Автор занимается изучением содержания хлористых ионов в нормальном и патоло-
гическом овечьем молоке, которое подвергли тесту Schalm, меркуриметрическому титрова-
нию и биометрическому исследованию. Определено среднее в 77 мг% для нормального и 
как предел 140 мг% или выше для патологического овечьего молока. 
СОДЕРЖАНИЕ МАКРО - И МИКРОЭЛЕМЕНТОВ ЦВЕТКА 
Й. ФРАНК, 3. ЛЕНДВАИ 
Авторы изучали содержание макро- и микроэлементов цветков отдельно в лепестках 
и плодолистиках. На основании количественного анализа они пытались объяснить важ-
ность различных элементов в формировании плодов. Обнаружено, что в цветках по срав-
нению с вегетативными органами, макроэлементы (исключая магний), а из микроэлементов 
железо и марганец уменьшались, тогда как содержание меди и цинка интенсивно увеличи-
валось. Колебания в поразительно низком соотношении Mn/Cu и Mn/Zn было вызвано в 
большинстве случаев скорее различиями в содержании меди и цинка, чем различиями в со-
держании марганца. 
ДЕЙСТВИЕ ДОБАВЛЯЕМОГО К НЕПОЛНОЦЕННОМУ РАЦИОНУ DL-МЕТИОНИНА 
НА РОСТ РАСТУЩИХ ПТЕНЦОВ И ЭФФЕКТИВНОЕ УСВОЕНИЕ ИМИ КОРМА 
АБД ЭЛЬ МЕГИД ДАРВИШ 
Кормовой эксперимент с различными уровнями серной аминокислоты в рационе 
проведен на венгерских птенцах для того, чтобы выяснить подходящую в ней потребность 
В исследование были включены 160 птенцов (48 самцов и 112 самок), взятых с фермы 
сельскохозяйственного факультета Кестхея, Венгрия. Птицы были разделены на три 
группы. В то время, как первая группа получала основной рацион, второй и третьей груп-
пам в рацион добавляли DL-метионин и общее содержание серной аминокислоты было со-
ответственно 0,9 и 1,2 процента. Эксперимент был начат, когда птенцы были 21-дневного 
возраста, и закончен, когда их возраст равнялся 81 дню; это время разделили на четыре 
периода продолжительностью в 15 дней каждый. 
Получены следующие результаты: Потребность в количестве серной аминокислоты 
у птенцов в течение периода от 22- до 66-дневного возраста был более, чем 0,62, и менее, чем 
1,2 процента, составив 0,9% в рационе для поддержания максимального переваривания 
нищи и максимального роста обоих полов. Избыток серной аминокислоты оказал по-
давляющее действие на рост и усвоение пищи. Потребность в серной аминокислоте у птен-
цов в раннем периоде роста была выше, чем в более позднем. 
Добавление DL-метионина к неполноценному рациону в количестве 0,90% улучшало 
эффективность корма даже несмотря на то, что не было различий в ежедневном приросте, 
исключая третий период (51 66-дневный возраст), когда ежедневный прирост также уве-
личивался. 
ОТНОШЕНИЕ МЕЖДУ ЭВАПОТРАНСПИРАЦИЕЙ И ОБРАЗОВАНИЕМ СУХОГО 
ВЕЩЕСТВА У РИСА 
В. к . В А М А Д Е В А Н 
При большой густоте растений эффективность использования воды увеличилась при 
глубине воды в 5 и 20 см. Однако, содержание азота и глубина воды не повлияли на эффек-
тивность использования воды. Отношение между урожаем и эвапотранспирацией показало 
линейное увеличение эффективности использования воды при увеличении урожая. 
ВЛИЯНИЕ КОЛХИЦИНА НА УРОВЕНЬ ПИГМЕНТОВ В ЛИСТЬЯХ РАСТЕНИЙ 
ЛЬНА 
Р. Ф А Х М И , Е . Н. С А Л А М А 
При обработке растений льна в период роста колхицином в количестве 50, 100 и 200 
р р т в виде опрыскивания увеличился уровень хлорофилла-a, хлорофилла-б и ксантофилла. 
Содержание каротина осталось тем ж е самым, исключение составила концентрация 200 
р р т . Положительное влияние колхицина на хлорофилл-a наблюдалось в течение всего 
вегетационного периода, а на хлорофилл-б и ксантофилл только до цветения. Обработка 
растений колхицином как в период роста, так и в период цветения положительно повлияла 
на уровень хлорофилла-ű и б, каротина и ксантофилла. Этот эффект особенно выразился 
при 100 и 200 р р т колхицина, и мог наблюдаться до созревания. Колхицин, использован-
ный три раза во время вегетационного периода, а именно: в период роста, цветения и 
плодоношения, не повлиял на вышеупомянутые пигменты, и обработка после цветения не 
вызвала дальнейшего увеличения уровня хлорофиллов. 
ВЛИЯНИЕ ЦИНКА НА ОБРАЗОВАНИЕ КЛУБЕНЬКОВ И УРОЖАЙ СОИ 
(GLICYNE МАХ.) 
К. в. Б. Р. ТИЛАК, м. С. ГАНГВАР 
Было обнаружено, что обычно при применении цинка урожай зерна уменьшался. 
Более высокие уровни цинка также угнетали образование клубеньков, синтез леггемогло-
бина и образование бактероидов. 

T e r v e h d i m m e 80-vuot iasta professor i Vilko A. Pesolaa 
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THE 175 YEARS OLD GEORGIKON 
I n t h e 18th c e n t u r y the ideas of the great F r e n c h revolut ion sp read in 
H u n g a r y too . Especial ly those w h o h a d been in Wes t -Europe a n d got ac-
qua in ted -with the ideas of the e n l i g h t e n m e n t desired t h e social a n d economic 
renewal of t h e coun t ry t h a t lived in t h e backwate r of feudalism. Reconci l ing 
the his tor ica l necessity w i th his own i n t e r e s t s György Festet ics , the en l igh tened 
m a g n a t e , recognized t h a t the income of his es ta tes could only be increased 
with t h e guidance of agr icul tural e x p e r t s . I t so h a p p e n e d t ha t on t h e advice 
of the h igh ly cul tured scientist J á n o s N a g y v á t h y , a n d t ak ing the ins t ruc t ions 
of Sámue l Tessedik, p ioneer of ag r i cu l tu ra l educa t ion , in cons idera t ion in 
1797 Fes te t i c s founded t h e first i n d e p e n d e n t ins t i tu t ion of higher agr icu l tu ra l 
educa t ion in Europe. T h e pr imary a i m of the i n s t i t u t i on was to t r a i n farm 
manager s for Feste t ics ' s estates, b u t soon a possibili ty was also given to other 
people t o acquire an agricul tural knowledge . On t h e suggestion of Káro ly 
Bulla, t h e f i r s t di rector , the school t h a t had thus become a publ ic ins t i tu te 
was given the name "Georg icon" , a f t e r Vergilius' f a m o u s didactic p o e m and 
the f o u n d e r ' s f irst n a m e . 
Agr icul tura l sub j ec t s were t a u g h t a t the famous old European univers i t ies 
long be fo re the 18th c e n t u r y . Agr icu l tu re was not , however , a s e p a r a t e field 
of the un ive r s i ty educa t ion , it was o n l y an encyclopedic subject comple t ing 
the n a t u r a l sciences. A t t h a t time t h e universi ty professors t h o u g h t t h a t to 
deal wi th agr icul tural sciences was b e l o w their d ign i ty , and the whole sub jec t 
of agr icu l tu re only consis ted, in essen t ia l s , of empir ical , pract ical knowledge . 
Agr icul ture was torn a w a y from t h e s imple empir ism of p roduc t ion b y the 
e s t ab l i shmen t of i ndependen t agr icu l tu ra l high schools and also because agri-
cul tura l b ranches and facul t ies were beg inn ing to f u n c t i o n at the univers i t ies . 
I t was w i t h this t h a t t h e d i f fe ren t ia t ion and deve lopmen t of ag r i cu l tu ra l 
sciences began , their special research me thods were e labora ted a n d t h e f i rs t 
scientif ic resul ts reveal ing the cor re la t ions of cause and effect a t t a i n e d . 
T h e ac t iv i ty of t h e Georgikon w a s thus not on ly a pioneer w o r k in the 
field of agr icul tural h ighe r education a n d agr icul tural research; i t a lso pro-
moted t h e development of agricul tural sciences. As an agricul tural h igh school 
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i t preceded T h a e r ' s school es tab l i shed in 1802 a t Celle, the M a g y a r ó v á r school 
(1818) and the H o h e n h e i m ( S t u t t g a r t ) Academy of Agricul ture (1818). 
Of the e ight ins t i tu tes of t h e Georgikon t h e Scient if ic Agr icu l tu ra l School 
w a s t h e first to begin func t ion ing ; i t can be r e g a r d e d as the predecessor of t h e 
p r e s e n t Facul ty of Agronomy of the Kesz the ly Univers i ty of Agricul tura l 
Sciences. The Scient i f ic Agr icu l tu ra l School h a d th ree b ranches : agricul ture, 
app l i ed m a t h e m a t i c s and phys ico-ve te r inary . S t u d e n t s were a d m i t t e d a f t e r 
t h e f ina l examina t ion and s t ud i ed over two or t h r e e years. 
Fig. 1. The or ig inal building of t h e Georgikon 
Suscept ibi l i ty to every th ing new and the d e m a n d for a c o n s t a n t progress 
w e r e per t inent t o the spirit of t h e Georgikon. T h e teachers improved the i r 
scient i f ic knowledge by var ious fo rms of se l f -educat ion, by the modes t research 
a c t i v i t y of those t imes , and — w i t h the f i n a n c i a l suppor t of t h e founder — 
o n foreign s t u d y tour s , and endeavoured to k e e p education on an up- to-da te 
level . 
The h i s to ry of the Georgikon, its deve lopmen t into an agr icu l tura l uni -
v e r s i t y was no t u n b r o k e n d u r i n g the past 175 years , nor was i t s func t ion ing 
cont inuous . In 1848 the s t u d e n t s announced t h a t they w a n t e d to take p a r t 
in the Hunga r i an f igh t for f r e e d o m , therefore on May 25th of t h a t year t h e 
Georgikon closed i ts door. A f t e r t h e failure of t h e revolut ion — as t h e H a p s b u r g 
t y r a n n y could n o t overlook such a unanimous mani fes ta t ion of pa t r io t i sm — 
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the legal successor of t h e Georgikon was only al lowed to begin func t ion ing 
27 yea r s later , in 1865. 
I n accordance w i t h t h e deve lopment of agr icu l tura l educat ion in H u n g a r y 
the Kesz the ly ins t i t u t ion of agr icul tura l educat ion has undergone considerable 
changes . The present Kesz the ly F a c u l t y of Agronomy of the Un ive r s i t y has 
developed f rom the Georgikon t h rough t h e Agr icul tura l High School, t h e Agri-
cu l tura l Academy, t h e College of Agr icu l ture , t h e College of Agr icu l tu ra l 
Sciences and various o t h e r forms of educa t ion and organiza t ion . 
T h e impor tance of an ins t i tu t ion of higher educa t ion is not d e t e r m i n e d 
by its yea r s of exis tence, b u t by t h e e x t e n t to which i t has fulfi l led i ts t a sk 
of t e ach ing and e d u c a t i n g , and ach ieved the sc ient i f ic deve lopment of its 
special f ie ld , and by t h e influence it exercised on its age. Looking a t i t in this 
way we can judge t h e Georgikon a n d i ts legal successor only by e x a m i n i n g 
its role p layed in the educa t ion of H u n g a r i a n agr icu l tu ra l experts a n d in the 
deve lopment of agr icu l tu re . 
T h e spirit and sc ien t i f ic level of t h e Georgikon were de te rmined and 
shaped f i r s t of all by t h o s e who were in direct or ind i rec t connection w i t h the 
ins t i tu te when it was establ ished. T h e f i r s t to be men t ioned of t h e m was 
János N a g y v á t h y , the excel lent agr icu l tu ra l exper t w h o wi th his two v o l u m e 
work "Szorga lma tos meze i gazda" (The indust r ious fa rmer) publ i shed in 
1791 caused great s ensa t ion in his d a y s . Af t e r L. Mi t t e rpache r ' s three vo lume 
work "Elemcnta rei rusticae . . ." pub l i shed in the L a t i n language in 1779, it 
was t h e f i r s t Hungar ian summar iza t ion conta in ing the possibilities of r a t iona l -
izing the Hungar ian ag r i cu l tu re with r e g a r d to bo th p l a n t growing a n d live-
stock breed ing . 
The influence wh ich Sámuel Tessedik , founder of t h e Szarvas Agr icu l tu ra l 
School exercised on t h e Georgikon was of no less i m p o r t a n c e ; he f o u g h t for 
the i m p r o v e m e n t of p e a s a n t farming b y a many-sidecl agr icul tural a c t i v i t y 
including t h e amel iorat ion of alkali soils, pas tures and meadows. 
At t h e t ime the Georgikon was f o u n d e d , Ferenc P e t h e , one of t h e m o s t 
educa ted a n d open-minded agricul tural exper ts and wri ters of H u n g a r y 
was a p p o i n t e d assis tant professor . D u r i n g t h e four yea r s of his p rofessora te 
he t a u g h t t h e most u p - t o - d a t e agr icul tura l knowledge, wh ich later was sum-
marized in a three vo lume work " P a l l é r o z o t t mezei g a z d a s á g " (Ref ined agri-
culture) . I t was the work of a much exper ienced and well-read scientist who 
was t ho rough ly famil iar w i t h the soil condi t ions of H u n g a r y and was t h u s 
able to a d j u s t the results a t t a ined ab road to the H u n g a r i a n condit ions. W i t h 
his ten-course rotat ion — which was acknowledged b y T h a e r too — he laid 
the f o u n d a t i o n of the r o t a t i o n system in the model f a r m of the Georgikon. 
This was employed — w i t h minor modi f ica t ions — by t h e model f a r m u p to 
the t e rmina t ion of the Georgikon in 1848. In the r o t a t i o n row crops were 
followed b y summer b a r l e y oversown w i t h red clover, t h e n by red c lover , 
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w i n t e r wheat , legumes and rye . I n the seven th and eighth y e a r the soil w a s 
l e f t to rest a n d used for graz ing. When the grass land was b roken up f l ax or 
o a t s were sown, while in the l a s t year rye was grown followed b y buckwhea t 
sown in its s t u b b l e . 
The 51 y e a r s activity of t h e Georgikon was impressed b y t h e pedagogic 
ideas of the f i r s t professors, f i r s t of all of Fe renc Pethe . And t h o u g h not m a n y 
d a t a are ava i lab le , we can es tab l i sh t ha t the Georgikon f u n c t i o n i n g a t the end 
of the 18th c e n t u r y and in the f i r s t half of t h e 19th century was acknowledged 
b y the public opinion bo th a t home and ab road . The n u m b e r of s t uden t s 
registered in t h a t period a m o u n t e d to some 1500. Among t h e s tuden t s , beside 
t hose who were given a scholarship by Fes te t ics , there were m a n y others b o t h 
f r o m H u n g a r y a n d abroad. 
The i n s t i t u t i on of agr icu l tu ra l educa t ion re-opening in 1865 followed 
t h e t rad i t ions of the Georgikon, and dur ing its func t ion ing of more t h a n 
one hundred y e a r s exerted a cont inual ly increasing effect on t h e agr icul tura l 
expe r t t r a in ing and on the sc ient i f ic deve lopment of agr icu l ture . 
The n a m e s and profess ional acknowledgements of t h e directors a n d 
depa r tmen t leaders often w e n t beyond the borders of the c o u n t r y . The Kesz t -
he ly ins t i tu t ion of agricul tural educat ion has always occupied a dis t inguished 
place among t h e Hungar ian ins t i tu t ions of agr icul tural h igher education a n d 
research i n s t i t u t e s . 
I t was w i t h i n the f r a m e s of the ins t i tu t ion t h a t the Kesz the ly meteoro-
logical s t a t ion began its r egu la r observat ions in 1867. The experience gained 
there was d i r ec t ly utilized in t h e educat ion . 
In 1884 a seed tes t ing u n i t and in 1885 an expe r imen t s ta t ion of agr i -
cul tura l c h e m i s t r y were es tab l i shed . While t h e former had t h e aim of cont ro l -
ling the t r a d e of seeds and p ro tec t ing t h e in teres ts of t h e f a rmers , fo res te rs 
and gardeners , the task of t h e la t ter was to s tudy the m e t h o d s of c leaning 
t h e mater ia ls a n d products used in agr icu l tu re and p rov ide expert adv ice 
promot ing t h e development of agr icul ture a n d indus t ry . T h e t w o stat ions w e r e 
joined to t h e depa r tmen t s of p l a n t growing and chemis t ry , respect ively. 
I t wou ld be diff icul t t o enumera t e eve ry th ing t h a t t h e Georgikon a n d 
i ts legal successor did in t h e f ie ld of agr icu l tu ra l research a n d deve lopment . 
The teachers a n d scientists of t h e agr icu l tura l higher educa t ion of those d a y s 
of ten changed s i tuat ion, so i t would be d i f f i cu l t to link t h e i r activities a n d 
results closely to one or the o t h e r h igh-grade ins t i tu t ion . F o r th is very r e a s o n , 
wi thout a n y claim for comple teness , we shou ld like to m e n t i o n b u t a few of 
the scientis ts working a t Kesz the ly in t h a t period. Pál Sporzon, p r o f e s s o r a t 
the D e p a r t m e n t of Agr icu l tu re of the Techn ica l Unive r s i ty , was di rector of 
the Kesz the ly inst i tut ion b e t w e e n 1867 a n d 1874; his l i t e r a r y ac t iv i ty as well 
as his work done in the deve lopmen t of agr icu l tura l profess ional t ra ining m a d e 
his name w i d e l y known. Á r p á d Bálás and Árpád Hensch did much for t h e 
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i m p r o v e m e n t of f ie ld crop p roduc t ion . The book "Ál ta l ános és különleges 
mezőgazdasági növénytermelés a l a p v o n a l a i " (Elements of general a n d special 
ag r icu l tu ra l crop p roduc t ion) (1876) wr i t t en by Á r p á d Bálás, and Hensch ' s 
work " A z okszerű t a l a jműve lés e lméle te és g y a k o r l a t a " (Theory a n d practice 
of r easonab le soil cu l t iva t ion) (1885) h a d a considerable influence on t h e agri-
cul ture of those t imes . 
Fig. 2. T h e central bu i ld ing of the K e s z t h e l y Universi ty of Agricultural Sciences 
Mihály Soós was a pioneer of the p rac t i ca l pro tec t ion of birds in H u n g a r y . 
József Kuku l j ev ics , also a teacher of t h e school, who wro te the f i rs t H u n g a r i a n 
book on b i rd protect ion, was his fol lower . I t was at th is school t h a t S á n d o r 
Lovassy, p ioneer of f a rm zoology p e r f o r m e d his scientific ac t iv i ty . The a c t i v i t y 
of Imre Deininger , one of the undese rved ly forgot ten pioneers of H u n g a r i a n 
botanical research was of no less i m p o r t a n c e . 
A m o n g the famous teachers of t h e p a s t we f ind Sándor Fáber , w h o f i r s t 
of all s tud ied the ques t ions of improving meadows and pas tures and ut i l iz ing 
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p e a t y areas. He w a s the f i r s t in Hungary to s t a r t the sys t ema t i c breeding 
of soybean. 
Gábor G r o f f i t s gained d is t inc t ion in t h e f ie ld of agr icu l tu ra l building 
a n d construct ion b y s tudying t h e modern e q u i p m e n t of s tables a n d designing 
v a r i o u s silage s y s t e m s . 
But those l iv ing today w h o perform a t e a c h i n g and educa t iona l ac t iv i ty , 
o r as pensioners con t inue work ing in the field of agricul ture m u s t not be le f t 
unmen t ioned e i t h e r . Those w h o between t h e t w o world wars a n d af te r t h e 
l ibera t ion of H u n g a r y educa ted a n d are e d u c a t i n g generat ions of agr ic idtural 
engineers and w h o are working unt i r ingly for t h e deve lopment of agricul ture 
in Hungary . 
The legal successor of t h e ancient Georgikon, the Kesz the ly Facu l ty of 
Agronomy of t h e Univers i ty of Agricul tural Sciences, Kesz the ly has been 
col laborat ing s ince 1970 with t h e Magyaróvár F a c u l t y of Agronomy, successor 
of t h e ancient A c a d e m y of Magya róvá r in a n e w organizat ional form, wi th in 
t h e f ramework of the same univers i ty . F u r t h e r m o r e , the earl ier technical 
high-schools of K ö r m e n d a n d Nagykanizsa also belong to the Kesz the ly 
Univers i ty as a college f a c u l t y for works engineers . 
The whole ac t iv i ty of t h e new univers i ty established in T ransdanub ia is 
determined b y t h e demands of the Hunga r i an society. I n i ts teaching a n d 
educat ional w o r k the d e m a n d s required of t h e professionals of the socialist 
l a rge farms, wh i l e in its r e sea rch work a sc ient i f ic research p romot ing t h e 
r ap id ly growing agr icul tura l p roduc t ion , a n d e x p e r t advisory service closely 
connect ing t h e t h e o r y and p r ac t i c e are the d e t e r m i n a n t fac tors . Therefore t h e 
Keszthe ly F a c u l t y — like t h e whole univers i ty — lias a t a sk realized in t h r ee 
m a i n activit ies: high-degree t r a i n i n g and educa t ion of agr icu l tura l engineers, 
scientif ic r e sea rch , and expe r t advice given t o the fa rms. 
In its t e a c h i n g work t h e Keszthely F a c u l t y educates general agr icul tura l 
engineers, ag r i cu l tu ra l chemis t s , and works engineers for p l a n t p ro tec t ion ; 
while on p o s t g r a d u a t e courses special engineers (of pig breeding , p lant p ro -
tec t ion etc.). Besides, by g iv ing doctor's degrees , and t r a in ing aspirants i t 
also prepares people for sc ien t i f ic life, a p a r t f r o m the p rac t i ca l r equ i rements 
of production. 
Univers i ty level educa t ion develops o n l y in a scient i f ic env i ronmen t , 
therefore sc ien t i f ic research will always be an in tegra te and indispensable p a r t 
of the F a c u l t y ' s act ivi ty . T h e Agricultural Resea rch I n s t i t u t e of Sou th -Wes t 
Transdanubia merging in t h e Keszthely College nearly f i f t e en years ago h a s 
imposed considerable research tasks on t h e ins t i tu t ion . T h e sections of t h e 
research i n s t i t u t e a m a l g a m a t e d with the d e p a r t m e n t s of t h e univers i ty b r ing-
ing their r e sea rch subjects a n d tasks with t h e m . 
The p r e s e n t research a c t i v i t y of the F a c u l t y is f u n d a m e n t a l l y de t e rmined 
b y a responsibi l i ty for and contr ibut ion to t h e p rogramme researches. I t is 
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mainly t h r o u g h this t h a t the scientif ic ac t iv i ty and in t e rna t iona l re la t ions of 
the p r e sen t Keszthely F a c u l t y of Agronomy , successor of t h e Georgikon blos-
som ou t . T h e p rog ramme , or t a rge t p lan ("Complex research of the ques t ions 
of soil conserva t ion" , " C o m p l e x research of po t a to breed ing and -growing" a n d 
" M a n a g e m e n t deve lopment in s ta te- a n d cooperat ive f a r m s " ) of the F a c u l t y 
is realized wi th the con t r ibu t ion of a lmos t all d e p a r t m e n t s and of the o t h e r 
ins t i tu t ions of agr icul tura l higher educa t ion and research in Hunga ry . Besides , 
t he F a c u l t y joins in o t h e r p rogrammes too, as a co l labora tor . Apar t f r o m 
a considerable amount of so-called d isc ip l inary research which improves t h e 
work of teaching , app l ied research is being carried on t h e commission of 
other organizat ions too. 
The Georgikon was establ ished in t h e age of the en l igh t enmen t a n d 
kept the f l a g of progress f ly ing . Beside t h e preservat ion of t h e t r ad i t ions of 
the pas t t h e successive genera t ions h a v e t h e t a sk of bu i ld ing the f u t u r e b y 
promot ing t h e deve lopment of agr icu l tura l sciences, no t fo rge t t ing the legend 
on the Georgikon medal "Vive m e m o r nos t r i rigidi s e rva to r hones t i " (May 
the m e m o r y of those se rv ing s t r ic t ly a n d hones t ly live long). 
A . K O V Á T S 
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THE SYNTHESIS OF TWO-ROWED MAIZE EARS 
B y 
L . D A N I E L 
B I O L O G I C A L C E N T R E O F T H E H U N G A R I A N A C A D E M Y OF SCIENCES. S Z E G E D 
W e h a v e developed two- rowed maize ea r s wi th unpa i r ed spikele ts b y i n b r e e d -
ing a n d r e p e a t e d l y crossing HEPPERLY'S (1949) " o d d - r o w e d " m a t e r i a l wi th f o u r - r o w e d 
lines. I n t h e crosses the c h a r a c t e r proved to be genie control led. I t s f i xa t i on w h i c h is 
ve ry d i f f i cu l t due to s te r i l i ty a n d e x t r a o r d i n a r y few st igmas is in progress . 
Introduction 
In c u l t i v a t e d varieties of maize the n u m b e r of kernel rows varies be tween 
8 and 30 b u t in fasciated t y p e s where kernels do not fo rm regular rows it 
can be m u c h more . Several r epor t s have also been published on homozygous 
four-rowed lines ( D A N I E L 1965) which can be of interest f r o m the point of 
view of evo lu t iona l genetics (GALINAT 1971) b u t cannot be considered as 
normal in compl iance wi th inher i tance ( D A N I E L 1963, 1970). Genera l ly 
spikelets are f o rmed by a fer t i le and a steri le f lower and s t a y in pairs on t h e 
cob; the row n u m b e r is even . Accordingly in ears of the r epo r t ed lines w i t h 
four rows one pa i r of the spikelets faces t h e o the r : the t w o - r a n k e d a r range-
m e n t is c o m m o n in the grasses and the ques t ion arises if i t is possible t o 
develop two- rowed maize ears wi th single spikelets . 
Material and Method 
HEPPERLY (1949) repor ted in his article " A c o r n wi th odd- rowed e a r s " on a m a i z e 
ma te r i a l in wh ich s o m e ears were f o u n d to have sp ike le t s no t s t and ing in pa i r s as n o r m a l l y 
b u t most ly s ingly , w i t h the resul t t h a t there occur red o d d rows. 
The r o w n u m b e r of ears w i t h single spikelets is genera l ly only ha l f of t h a t of n o r m a l 
ears wi th single sp ike le t s and . accord ing to Hepper ly , i t s inher i t ance is monogen ic d o m i n a n t . 
T h e mater ia l was t h o r o u g h l y s tud i ed b y WILCOX (1950) w h o discussed in d e t a i l i t s i m p o r t a n c e 
in evolut ion. Cons ider ing t h a t even a n d odd rowed ea r s w i t h single sp ike le t s h a v e the s a m e 
probab i l i ty t o deve lop , he uses t h e m o r e a p p r o p r i a t e express ion of " u n p a i r e d s p i k e l e t s " 
i n s t e a d of " o d d - r o w e d " . There d id n o t occur a n y ea r s or tassels f o r m e d of only u n p a i r e d 
spikelets , on t h e o t h e r h a n d in half of t h e ears of t h e s t u d i e d 13 families, acco rd ing to fami l ies , 
0 — 9 3 per cent of t h e indiv iduals h a d ke rne l rows w i t h u n p a i r e d spikelets . Accord ing to m o r -
phological a n d a n a t o m i c a l e x a m i n a t i o n s t h e u n p a i r e d sp ike le t condi t ion is n o t l ikely to b e 
a teosine-like m u t a t i o n b u t r ep re sen t s a more deve loped s tage. Wilcox d id n o t succeed i n 
f i x ing the c h a r a c t e r in a homozygous s t a t e , e i ther , b u t he suggests a m o r e compl ica ted in -
her i tance . 
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In 1953 w e received a s a m p l e of H e p p e r l y ' s r e p o r t e d m a t e r i a l — fo r which we a r e m u c h 
obliged — a n d a t t e m p t e d to d e v e l o p homozygous l ines wi th u n p a i r e d spikele ts by i n b r e e d i n g . 
A selection c o m b i n e d w i th se l f - fe r t i l iza t ion t h r o u g h 7 gene ra t i ons p r o v e d unsuc c e s s fu l , in 
1961 we b e g a n t o cross our f o u r - r o w e d lines (F ig . 1) w i t h the h e t e r o z y g o u s mate r ia l a n d se l fed 
or backcrossed t h e hybr ids . I n t h e selected p r o g e n i e s t h e f r e q u e n c y of ind iv idua l s w i t h u n -
paired sp ike l e t s g rea t ly i n c r e a s e d a n d a t t he s a m e t i m e the row n u m b e r decreased. U n f o r t u -
na te ly steri le i n d i v i d u a l s or o n e s w i t h only a few s t i g m a s are r a t h e r f r e q u e n t m a k i n g p r o p a g a -
t ion of t he m a t e r i a l wi th u n p a i r e d spikelets v e r y d i f f i cu l t . Po l len d e v e l o p m e n t is, h o w e v e r , 
qu i te n o r m a l . 
Resul ts 
Two two-rowed m a i z e ears with n e a r l y unpa i red spikelets were f o u n d 
in 1966 a m o n g ind iv idua ls with four - rowed ears a n d unpai red spikele ts 
(Figs 2, 3). 
D a t a of some " l i n e s " wi th charac ter i s t ica l ly low row number in 1971 
(ears wi th m o r e than 30 pe r cent of p a i r e d spikelets are under l ined) : 
A) 2 , 4 , 4, 4, 4, 2, 8, 4-2, 4 
B) 2, 8-4, 8-4, 5-2, 4-2, 4-2, 4-2 
C) (4)-2,~ 2, 4 
D) 4 -2 , 4-2, 8-4, 8 -4 , 4-2 
E) 4 -2 , 4-2, 4, 4-2, 4, 4, 4-2, 4, 3-2, 8-4, 4-2, 8 
In ag reemen t w i t h H E P P E R L Y ' S (1949) s t a t e m e n t the row n u m b e r of 
ears wi th p a i r e d spikelets was found to be twice as m u c h as t ha t in ears wi th 
unpaired spikelets . At l e a s t in one of a general ly four - rowed family (n = 88) 
the c h a r a c t e r of unpa i r ed spikelets is p r o b a b l y f ixed . The genetical analysis 
is in p rogress . 
At l a s t in 1970 we succeeded in crossing a four-rowed homozygous 
individual w i th paired spikele ts (P4) w i t h a p robably heterozygous ind iv idua l 
with t w o - r o v e d ears a n d unpaired sp ike le t s (E), / [ ( P 4 x E S 8 ) S 5 x P 4 ] S l / . 
The ear of t h e two-rowed pollen p a r e n t remained s t u n t e d and did n o t fo rm 
kernels. I n 1971 we s t u d i e d the ears of 70 S 0 p lants (Table 1, Fig. 4). I n rough 
sorting 25 per cent of t h e ears have f o u r , 25 per cent in te rmedia te a n d 50 
per cent t w o kernel r ows ; 25 per cent h a v e paired a n d 75 per cent u n p a i r e d 
spikelets. I t is worth n o t i n g t h a t the fou r - rowed ears h a v e unpaired spikelets 
while in one-sixth of t h e two-rowed ears there is a r emarkab ly h igh per-
centage of paired sp ike le t s . Sorting i n t o row n u m b e r was performed on the 
basis of genera l impress ion . One m e m b e r of the pa i red spikelets in t h e two-
rowed m a t e r i a l is genera l ly much smal le r than t h e o t h e r ; no a t t e n t i o n was 
paid to i t , however, w h e n sorting in to kerne l row n u m b e r . U n f o r t u n a t e l y the 
seed set in the selfed ea r s was e x t r e m e l y poor, even in the P4 l ine which 
generally has good s e t t i n g ability. 
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Fig. 1. Four - rowed maize ea r s wi th paired spikele ts 
Table 1 
Distribution of the first generation /{P4 x[(P4x ESs) S5 X P4] SI} S J 
of an inbred plant with four-rowed ear and paired spikelets (P4J and 
a heterozygous plant with two-rowed ear and unpaired spikelets (E) 
according to number of kernel rows and position of spikelets 
N u m b e r of kernel 
rows 
Arrangement of spikelets in the ear 
Paired 
Mixed; percentage of unpaired spikelets 
Un-
Total 
< 2 0 20 39 4 0 - 5 9 6 0 - 79 £ 8 0 paired 
4 
4—2 





















Tota l 3 5 2 7 5 30 18 70 
N u m e r o u s non- inher i tab le abnorma l forms are k n o w n in maize ears 
and if we consider t h a t t h e ear of the four - rowed pa ren t in the cross, t h o u g h 
of cons tan t f o r m , is ye t an anomaly, t h e of ten undeve loped two-rowed ear 
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Fig. 2. Two two- rowed maize ears wi th almost ent i re ly unpai red spikele ts ; side and top v iew 
Fig. 3. Cross sec t ion of four- rowed maize ears w i t h unpa i red , t h a t of four-rowed ears w i t h 
pai red and t h a t of two-rowed ears w i t h unpaired spikelets 
wi th unpa i red spikelets a n d of ten wi thou t a n y st igma, can easily be t a k e n 
for an a b n o r m a l , genotypiea l ly not d e t e r m i n e d f o r m a t i o n . The cross we 
outl ined here clearly shows t h a t the two- rowed ear types w i t h unpaired sp ike-
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Fig. 4. Sel f - fer t i l ized e a r s of t h e f i r s t g e n e r a t i o n of a cross b e t w e e n n o r m a l f o u r - r o w e d 
l ine (835/1, 835/2) a n d a two- rowed i n d i v i d u a l w i th u n p a i r e d spikele ts ( T a b l e 1) 
lets f o u n d in our t e s t s are genie de t e rmined . The observed segregat ion rat io 
is d i f f i cu l t to explain . Besides di f f icul t ies in the s u r v e y i t is v e r y probable 
t h a t p e n e t r a n c e and express ivi ty p rob lems also con t r ibu te to m a k e t h e de-
t e r m i n a t i o n of inher i t ance diff icul t . However , it is qu i te clear t h a t ne i ther 
the inhe r i t ance of row n u m b e r nor t h a t of unpa i red spikelets is monogenic 
d o m i n a n t . 
Discussion 
T h o u g h some a u t h o r s are still d issat isf ied wi th the evidence p resen ted 
(GALINAT 1 9 7 1 ) palynological ( B A R T L E T T — B A R G H O O R N — B E R G E R , 1 9 6 9 ) and 
archeological f indings acceptably p rove t h a t modern cu l t iva ted maize derives 
f rom an anc ient maize wi th ears of some cm length, th in rachis, pa i r ed spike-
lets on re la t ive ly long pedicels, a n d glumes covering the kernels. I t is very 
likely t h a t a l ready in historical t imes it crossed w i th some of its re la t ives 
still f o u n d in na tu r e . Crossing had a shor tening ef fec t on the pedicel , the 
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g l u m e also b e c a m e shorter a n d i ts b u t t th icker leaving a grea t p a r t of the 
k e r n e l s naked (MANGELSDORF 1 9 6 1 ) . Compared to the t r ipsacoid unpa i red 
sp ike le t s maize h a s ma in ta ined t h e paired spikelet condit ion, t h o u g h unpaired 
sp ike le t m u t a n t s sporadical ly occur . G A L I N A T ( 1 9 7 1 ) deals w i t h the i r impor-
t a n c e in evolut ion. In maize t h e spikelets in t h e ear and those in the tassel 
s t a n d in pairs whi le spikelets in teosine s t and in pa i rs in the tassel b u t single 
in t h e female inf lorescence. T h e p d allele (p robab ly on chromosomes 3 and 7) 
de te rmin ing t h e u n p a i r e d spikele t condition in teosine is general ly recessive 
in con t ras t to t h e P d allele de t e rmin ing the pa i r ed spikelet condi t ion in maize. 
M u t a n t s to u n p a i r e d spikelets in maize are n o t s tab le in most genet ical back-
g rounds , their dominance is re la t ive . G A L I N A T w a n t s to f ix H E P P E R L Y ' S un -
p a i r e d spikelet m u t a t i o n b y us ing a certain teos ine chromosome. We hope 
t o h a v e succeeded in t h a t by us ing four-rowed l ines. Genetical t e s t are going on. 
The two- rowed maize ear is wi thout d o u b t a t r ipsacoid charac te r b u t 
i n contrast t o i t i ts unpa i red spikelet condi t ion is dominan t or par t ia l ly 
d o m i n a n t and b y n o means recessive; the cob h a s re ta ined the character is t ics 
of maize and in i ts deve lopment no fu r the r teos ine introgression could h a v e 
a p a r t . We h o p e to develop homozygous lines b y means of b e t t e r cu l tu ra l 
m e t h o d s , select ion and pe rhaps intercrossing. 
References 
BARTLETT, A. S. — BARGHOORN, E . S. — BERGER, R. (1969) : Foss i l maize f r o m P a n a m a . Science, 
165, 389 — 390 . 
DANIEL, L. (1963): A n a l y s i s of i n h e r i t a n c e of t he n u m b e r of ke rne l rows in m a i z e . Der Z ü c h t e r , 
33, 2 9 0 - 3 0 1 . 
DANIEL, L. (1965): T h e i n h e r i t a n c e of s o m e q u a n t i t a t i v e c h a r a c t e r s in t h e cross of two f o u r -
rowed l ines of corn (Zea mays L . ) . A c t a Biologica A c a d . Sei. H u n g . , 16, 175 — 183. 
DANIEL, L. (1970) : V e r e r b u n g der K o r n r e i h e n z a h l de s s p h ä r o i d e n u n d des f l a c h e n v e r b ä n -
der ten M a i s k o l b e n . V o r t r ä g e d e r I I . Ung . B i o m . K o n f . 18 — 22, M ä r z 1968, 415 — 426 . 
Akadémia i K i a d ó , B u d a p e s t . 
GALINAT, W. C. ( 1971 ) : The origin of m a i z e . Ann . R e v . Gene t ics , 5, 447 — 478. 
HEPPERLY, I . W . (1949) : A corn w i t h odd- rowed ea r s . J . H e r e d i t y , 40, 62 — 64. 
MANGELSDORF, P . C. (1961): I n t r o g r e s s i o n in maize . E u p h y t i c a . 10, 157 —168. 
WILCOX, W. C. ( 1950 ) : U n p a i r e d s p i k e l e t s in t h e ear a n d tasse l of ma ize . M. S. Thesis . U n i -
versi ty of I l l ino i s , U r b a n a , 111., 1951. 
Acta Agronomica Academiae Scientiarum Hungaricap 22, 1973 
Acta Agronomica Academiae Scientiarum Hungaricae, Tomus 22 (1—2), pp. 19—25 (1973) 
RELATIONSHIP BETWEEN MICRO-GAMETOGENESIS 
AND POLLEN TUBE FORMATION IN SOLANUM 
DULCAMARA L. 
By 
G Y . P Á L , В . B A R N A B Á S 
AGRICULTURAL RESEARCH INSTITUTE OF THE HUNGARIAN ACADEMY OF SCIENCES, MARTONVÁSÁR 
D u r i n g t h e d e v e l o p m e n t of t he m i c r o - g a m e t o p h y t e of Solanum dulcamara L . 
t he in v i t r o f o r m a t i o n of t h e po l l en t u b e m a y e q u a l l y begin a t t h e s t a g e of m ic rospo re , 
young g a m e t o p h y t e (two-cell p o l l e n grain) or m a t u r e g a m e t o p h y t e ( three-cel l po l l en 
grain) . T h u s t h e f o r m a t i o n a n d g r o w t h of t h e p o l l e n t u b e is i n d e p e n d e n t of t h e d i f -
f e r en t s t ages of m i c r o - g a m e t o g e n e s i s . Dur ing t h e o rgan iza t ion of t h e m i c r o - g a m e t o -
p h y t e t w o s e p a r a t e processes t a k e place a t t h e s a m e t ime; one of t h e m is d e v e l o p -
m e n t a l , th i s is t h e mic ro -game togenes i s , t he o t h e r is a process of g r o w t h , th is is t h e 
t u b e f o r m a t i o n . 
Introduction 
Inves t iga t ions into the fer t i l izat ion process of p l an t s were p r imar i ly 
a imed at de t e rmin ing the g rowth r a t e of pol len t ube fo rma t ion . The ques t ion 
was , namely, how long af te r t h e poll ination t h e d i f ferent s tages of the fer t i l iza-
t ion process set in . The t ime be tween pollen gra ins reaching t h e s t igma a n d 
t h e pollen t ube beginning to develop was d e t e r m i n e d in va r ious p lan t species 
( A R T S C H W A G E R — B R A N D E S — STARRETT 1 9 2 9 , HALLOCK 1 9 3 0 , A R T S C H W A G E R — 
STARRETT 1 9 3 3 , P O D D U B N A Y A - A R N O L D I — D I A N O W A 1 9 3 4 , R A N D O L P H 1 9 3 6 , 
EIGSTI 1 9 3 7 , P O P E 1 9 3 7 , ARTSCHWAGER — M C G U I R E 1 9 4 9 i n : MAHESHWARI 
1 9 5 0 ; ELITROPI 1 9 5 8 , K A V E T Z K A 1 9 5 8 , M A C K E Y 1 9 5 9 , M A R T I N 1 9 5 9 , K O N -
STANTINOV 1 9 6 0 ) . According to t h e authors ' f ind ings this process may begin 
immedia te ly , or m a y even be de layed for t w o or three d a y s . Con t r ad ic to ry 
resul t s can be f o u n d concerning t h e control labi l i ty , accelerat ion and slowing 
down of the process as well ( B A T I K Y A N — CHOLOHYAN 1 9 5 8 , ELITROPI 1 9 5 8 , 
SIZOVA 1 9 5 8 , S H C H E D R I N A 1 9 5 9 , D Z Y U B E N K O 1 9 6 0 , H O S H I K A W A 1 9 6 0 , K O N -
STANTINOV 1 9 6 0 , O K S I Y U K — H U D Y A K 1 9 6 1 , SMITH 1 9 6 3 ) . 
These inves t iga t ions did n o t , however , include the ques t ion of w h a t 
s t age of d e v e l o p m e n t the pol len grain was a t when reach ing the s t i gma . 
Namely , it is n o t known w h e t h e r there is a n y relat ionship be tween t h e dif-
f e r en t stages of micro-gametogenes is and t h e beginning of pol len tube f o r m a -
t ion . I t is no t k n o w n whether t h e beginning of pollen tube fo rmat ion pos tu -
la tes a defini te s tage of deve lopmen t in t h e process of micro-gametogenesis , 
or m a y set in a t a n y stage. I t is known t h a t pol len tube f o r m a t i o n m a y begin 
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a f t e r t h e f i r s t and second division t a k i n g place in t h e course of t h e gameto-
genesis, b u t no d a t a are avai lable on i ts possible occurrence at the microspore 
s tage . In v i t ro s tudies have there fore been made to f ind out w h e t h e r the 
pollen t u b e fo rma t ion begins at t h e s t age of microspore , young g a m e t o p h y t e 
(two-cell pollen grain) or m a t u r e g a m e t o p h y t e ( three-cell pollen grain) , or 
w h e t h e r it m a y occur a t a n y stage of deve lopment . 
Material a n d Method 
Pollen grains of d i f fe ren t deve lopment s tage in d i f fe rent ly r ipe anthers of S. dulcamara 
L. were used in the inves t iga t ions . The tube f o r m a t i o n of pollen gra ins was induced o n a culture 
m e d i u m prepared f r o m the mix tu re of 10 ml 35 pe r cent saccharose solution and 0.1 ml 1 per 
cen t bor id acid. The o p t i m u m concen t ra t ion of saccharose was de te rmined f r o m pol len tube 
g rowth f o u n d wi th var ious concent ra t ions of saccharose solut ion. 
Two drops of each cu l ture med ium were spread over slides and sprinkled w i t h a few 
pollen grains t a k e n f r o m an the r s of d i f fe ren t r ipeness. We p laced the slides in Petr i -dishes 
on co t ton wool s a t u r a t e d b y wa te r t hus ensur ing the adequa t e mois ture con ten t du r ing the 
pollen t u b e growth . T h e n the Petr i -dishes were covered and p laced in a t h e r m o s t a t a t a tem-
p e r a t u r e of 30°C. Pollen t u b e pr imordia a p p e a r e d af ter two h o u r s ; 100 per cent t u b e growth 
was only ob ta ined , however , wi th f ive hours of incuba t ion . Pollen grains which deve loped tubes 
were s ta ined wi th carmine acet ic acid. As a r e su l t of s taining t h e nuclei of the v e g e t a t i v e and 
genera t ive cells as well as the micro-gametes t u r n e d red, while t h e cytoplasms of t h e cells only 
coloured sl ightly. The inves t iga t ions were m a d e wi th a Leitz O r t h o l u x microscope o n several 
t h o u s a n d s of p repa ra t ions . 
Resul ts 
In an the r s of d i f fe ren t r ipeness t h e deve lopmen t stage of t h e pollen 
grains is also d i f fe ren t . Some of t h e m are in a microspore s ta te , while others 
a t t h e two-cell or even three-cell s tage of deve lopment . The mos t f r e q u e n t 
s t a t e depends on t h e deve lopment s t age of the a n t h e r , bu t pollen g ra ins at 
t he two o ther deve lopmen t stages also occur though to a less e x t e n t . Most 
of t h e pollen grains in r ipe an thers are a t the two-cell and three-cel l stage, 
respect ive ly . If t he con t en t of a less r ipe an the r is sp read over a c u l t u r e me-
d ium, t hen all s tages of deve lopment occur . Af te r the pollen tubes were g rown the 
d i f fe ren t s tages of deve lopmen t could easily be recognized by s t a in ing with 
ca rmine acetic acid, as the nuclei of t h e vege ta t ive a n d generat ive cells as 
well as t h e microgametes t u r n e d b r igh t red . 
Tube growth of microspore. If t h e cul ture m e d i u m smeared o v e r the 
slide is spr inkled wi th the con ten t of a young , less ripe an the r , then a re la t ive ly 
large a m o u n t of microspores can be f o u n d in it . Dur ing t h e t ime of i ncuba t ion 
these microspores grow tubes w i thou t t h e process of deve lopment in them 
h a v i n g advanced . Thus , the microspores of Angiospermae — like those of the 
dioecious b r y i u m and heterospore fe rns — are able to grow tubes. Microspores 
growing tubes m a y be of two kinds depend ing on the posi t ion of t h e nucleus . 
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Fig. 1. Tube g rowth of microspore (a the nucleus is in t h e microspore, b t h e nucleus is in t h e 
t u b e of the microspore) 
The single nuc leus of the microspore may he loca ted in the microspore (Fig. 1), 
or m a y get — due p robab ly to t h e cyclosis — in to the t u b e (Fig. 2). I t is n o t 
known whe the r t h e in ternal deve lopment of the microspore stops or n o t 
dur ing t h e t u b e g rowth , since s ta ining wi th carmine acet ic acid takes p l ace 
a f t e r the t ube g rowth . There m a y even occur microspores which grow t u b e s 
dur ing the t ime of incubat ion and develop i n t o two-cell pollen grains. Once 
s ta ined wi th ca rmine acetic acid they are r ega rded as two-cel l pollen g ra ins 
hav ing grown t u b e s . In the case of microspores growing t u b e s , the deve lop-
m e n t of the genera t ive and vege ta t ive cells, t h a t is the f i r s t division of t h e 
microspore, m a y occur e i ther in the microspore proper or in the tube of t h e 
microspore, depend ing on w h e t h e r at the t i m e of the t ube g rowth the nuc leus 
of the microspore is in the microspore or h a s got into t h e t u b e . 
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Fig. 2. T u b e g rowth of microspore (a the nuc leus enters the t u b e of the microspore , b the 
nuc leus is in the t u b e of the microspore) 
Tube growth of the young gametophyte (two-cell pollen grainJ. I n ripe 
anthers m o s t of the pollen grains have two cells. T h e young g a m e t o p h y t e 
(two-cell pol len grain) is also able to g row a tube . T h e r e are three t y p e s de-
pending — in this case t o o — on the loca t ion of the nucle i of the v e g e t a t i v e 
and genera t ive cells: b o t h nuclei are in t h e pollen grain (Fig. 3), b o t h nuclei 
are in t h e pollen tube , a n d one of the nuc le i is in t h e pollen grain whi le the 
other in t h e pollen tube . T h e la t ter case m a y have two t y p e s again according 
to which one of the nuclei is in the pollen gra in and which of t hem in t h e pollen 
tube . All t h r e e types occur with abou t t h e same f r e q u e n c y . I t m a y h a p p e n , 
here too, t h a t during t h e t i m e of incuba t ion the two-cell pollen grain develops 
into a three-cel l one while growing a t u b e , and a f t e r hav ing been s t a ined 
with ca rmine acetic acid is considered a three-cell pollen grain hav ing grown 
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Fig. 3. Tube growth of t he young g a m e t o p h y t e (two-cell pollen grain) ( the nucleus of the 
vege ta t ive cell and the genera t ive cell are in the pollen gra in) 
Fig. 4. T u b e growth of fu l ly developed gametophy te ( three-cel l pollen gra in) ( the nucleus 
of t h e vegetat ive cell is in the pollen t u b e , the two microgaine tes are in t he pollen grain) 
a t u b e . In the case of two-cell pol len grains growing tubes , the second division 
of t h e microspore, t h a t is the f o r m a t i o n of microgametes , m a y equa l ly occur 
in t h e pollen grain arid in the pol len tube depend ing on where t h e genera t ive 
cell is a t the t ime of division. 
Tube growth of fully developed gametophytes (three-cell pollen grains). 
In r ipe anthers a p a r t of the pol len grains h a v e th ree cells. I n such pollen 
gra ins the division of the genera t ive cell too has a l ready been comple ted , and 
two microgametes , each of the v a l u e of a cell possessing a re la t ive ly small 
a m o u n t of cy top l a sm, have been produced. F u l l y developed game tophy te s 
( three-cel l pollen gra ins) are also ab le to grow t u b e s (Fig. 4). In th i s case too, 
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as in t h e case of two-cel l pollen grains , three types occur according to t h e loca-
t ion of the nucleus in the vege ta t ive cell and of the two micro-gametes . In the 
case of three-cell pollen grains growing tubes the f i r s t and second division 
d u r i n g the micro-gametogenesis a lways t ake place in the microspore . 
Discussion 
During t h e deve lopment of t h e mic ro -gametophy tes of S. dulcamara L. 
t u b e format ion in v i t ro m a y begin e i ther in t h e microspore, or in t h e young 
( two-cel l pollen grain) or m a t u r e (three-cell pollen grain) g a m e t o p h y t e . Tube 
f o r m a t i o n and g r o w t h are t h u s i ndependen t of t h e d i f ferent phases of micro-
gametogenesis . T u b e format ion m a y begin a t a n y of t h e three stages of develop-
m e n t . In our opinion micro-gametogenesis — the inner deve lopment of the 
microspore — does n o t stop du r ing the t ube g rowth , since in such cases when 
t h e generat ive cell gets into t h e pollen t ube the microgametes too a re formed 
t h e r e . The p rob lem cannot , however , be solved on t h e basis of our invest iga-
t i ons , as s taining w i t h carmine acet ic acid was carr ied out a f t e r t u b e forma-
t ion had been comple ted . By t h e s ta in ing we f ixed a given stage of develop-
m e n t . We do n o t t h i n k it p r o b a b l e ei ther t h a t du r ing the deve lopmen t of 
microgametes t h e growth of t h e pollen t u b e would s top or even slow down. 
T h i s is suppor ted b y our f ind ing t h a t tube fo rma t ion and g rowth are inde-
p e n d e n t of the d i f fe ren t phases of micro-gametogenesis . In our opinion two 
s imul taneous processes take place dur ing the organizat ion of t h e micro-
g a m e t o p h v t e . One of them is a deve lopmenta l ( this is the micro-gameto-
genesis) , the o the r a growth process (this is the t u b e format ion a n d growth). 
Acknowledgement 
We are indebted to Sándor Sá rkány dr., universi ty professor for his advice , and to 
E r n a Rajk i dr., leading research worker for her assistance in our work. 
References 
ARTSCHWAGER. E . —BRANDES , E . W . —STARRETT, R . C. ( 1 9 2 9 ) : D e v e l o p m e n t o f f l o w e r a n d 
seed of some varieties of sugarcane. Jour . Agr. Res.. 39, 1 — 30. 
ARTSCHWAGER, E . — MCGUIRE. R . C. ( 1 9 4 9 ) : C y t o l o g y of r e p r o d u c t i o n i n Sorghum vulgare. 
J o u r . A g r . R e s . , 7 8 , 6 5 9 - 6 7 3 . 
ARTSCHWAGER, E . — STARRETT, R . C. ( 1 9 3 3 ) : T h e t i m e f a c t o r i n f e r t i l i z a t i o n a n d e m b r y o 
development in sugar beet. J o u r . Agr. Res., 47, 823 — 843. 
B A T I K Y A N , G. G . — C H O L O H Y A N , D . P . — Батикян, Г. Г. — Холохян, Д . Г1. (1958): Не-
которые цнто-эмбриологические данные о процессе оплодотворения кукурузы. Изд. 
АН СССР, 11, 2 5 - 3 7 . 
D Z Y U B E N K O , L. К . — Дзюбенко, Л. К. (1960): Заплиднения и ранни фази развитку за-
родка и эндосперму у гибридов кукурузы. Укр. Бот. Ж., 17, 6 - 24. 
Acta Agronomica Academiae Scientiarum Hungaricae 22, 1973 
M I C R 0 - G A M E T 0 G E N E S I 3 AND P O L L E N T U B E F O R M A T I O N 2 5 
EIGSTI, О. J . (1937): Pollen t u b e behaviour in self-fertile and interspecif ic pollinated Rese-
daeeae. Amer . Nat. , 71, 520 — 521. 
ELITROPI. C. (1958): Contributo alla conoscenza della biologia f iorale e della tecnica d ' im-
pollinazione artificiale del mais (Zea mays L.) . I I . Ann. Sperim. Agr., 12, 5 — 33. 
HALLOCK, F . A. (1930): The rela t ionship of Garrya. T h e development of the flower and seeds 
of Garrya and its bearing on the phylogenetic position of t h e genus. Ann. Bot . , 44, 
7 7 1 - 8 1 2 . 
HOSHIKAWA, K. (1960): Inf luence of temperature u p o n the fert i l ization of wheat grown in 
various levels of nitrogen. Proe. Crop. Sei. Soc. Japan , 28, 291 — 295. 
K A V E T Z K A , G. О . — Каветзка, Г . О. (1958): Эмбриология рипска. Укр. Бот. Ж. , 1 5 , 
3 7 - 4 7 . 
K o N S T A N T i N o v , А. V. — Константинов, А. В . (1960): Эмбриология некоторых сортов 
яблони. Изд. АН СССР, 256 - 264. 
MACKEY, J. (1959): Morphology and genetics of oa t s . In : K a p p e r t — R u d o r f : Handbuch der 
Pflanzenzüchtung, I I . P a r e y , Ber l in—Hamburg , 467 — 531. 
MAHESHWARI, P. (1950): An in t roduct ion to the embryology of angiosperme. McGraw — Hill 
Book Company , INC. New York, Toronto, London, 181. 
MARTIN, J. H . (1959): Sorghum and Pearl Millet. I n : Kapper t —Rudorf : Handbuch der P f l a n -
zenzüchtung, I I . Parey, Berl in —Hamburg, 564 — 582. 
O K S I Y U K , P . F . — H U D Y A K , M . I . — Оксиюк, П . Ф . — Худяк, M . И. ( 1 9 6 1 ) : Влияние 
различных условий выращивания на эмбриологические процессы у пшеницы. Мор-
фогенез растений, Изд. Моск. Ун-та, 2, 323 — 326. 
PODDUBNAYA-ARNOLDI, Y. A. —DIANOWA, V. (1934): E ine zytoembryologische Unte r suchung 
einiger A r t e n der Ga t tung Taraxacum. P l a n t a , 23, 19 — 46. 
POPE, M. N. (1937): The time f ac to r in pollen t u b e growth and fer t i l izat ion in barley. J o u r . 
Agr. Res. , 54, 5 2 5 - 5 2 9 . 
RANDOLPH, L. F. (1936): Developmenta l morphology of the caryopsis in maize. Jou r . Agr . 
R e s . , 5 3 , 8 8 1 - 9 1 6 . 
S H C H E D R I N A , R . N. — Щедрина, P . H. (1959): Изучение процесса оплодотворения куку-
рузы при разных способах опыления. Агробиология, 193—197. 
SizovA, M. А. — Сизова, М. А. (1958): Изучение процесса оплодотворения, при межви-
довых скрещиваниях льна. Труды по Прикл. Бот., Ген. и Сел., 33, 303—311. 
SMITH, J . D. (1963): The effect of chromosome n u m b e r on compet i t ive ability of hexaploid 
wheat gametophytes . Canad. J . Genet. Cyt. , 5, 220 — 226. 
Acta Agronomica Acadcmiae Scientiarum Hungaricae 22, 1973 

Acta Agronomica Academiae Scientiarum Hungaricae, Tomus 22 (1—2), pp. 27—29 (1973) 
ACCELERATION OF VERNALIZATION IN WHEAT 
BY 2-CHLOROETHYLPHOSPHONIC ACID-RELEASED 
ETHYLENE 
By 
A . C H R O M I N S K I , B . R O Z E J 
L A B O R A T O R Y O F P L A N T P H Y S I O L O G Y , C E N T R E OF A P P L I E D BIOLOGY', 
C O P E R N I C U S UNIVERSITY' BIOLOGICAL I N S T I T U T E , T O R U N 
Kernels of w i n t e r w h e a t v e r n a l i z e d in the r e f r i g e r a t o r a t 2°C were e x p o s e d to 
t h e con t i nuous p r e s e n c e of 50, 200 a n d 500 p p m so lu t ions of 2 - c h l o r o e t h y l p h o s p h o n i c 
ac id ( С Е Р А ) , an e t h y l e n e releasing c o m p o u n d . The e n h a n c e m e n t of v e r n a l i z a t i o n was 
o b s e r v e d in p l an t s s u b j e c t e d to b o t h cold and С Е Р А t r e a t m e n t . 
Introduction 
Stud ie s of the physiological roles of ethylene h a v e revealed t h e effec-
t iveness of this unique gaseous p l an t g rowth hormone in affect ing t h e growth 
and deve lopmen t of m a n y species also Yvithin the Gramineae fami ly . R O B E R T S 
( 1 9 5 1 ) h a s reported t h e growth inh ib i t ion of bo th shoots and root of Yvheat 
(Triticum dicoccum Schubler ) seedlings exposed to gaseous e thylene . 
2 -ch loroe thylphosphonic acid (e thephone; a b b r . СЕРА), which exer ts 
its physiological effects upon e thylene yielding decomposi t ion within t h e p lant 
tissues (COOKE — R A N D A L L 1 9 6 8 , W A R N E R — L E O P O L D 1 9 6 9 , Y A M A G U C H I — 
W A N G C H U — Y A N G 1 9 7 1 , Y A N G 1 9 6 9 ) , has also been shown to reduce the 
culm g r o w t h of va r ious cereals (Amchem Products 1969) as well as of several 
species of Poa, Festuca, Agrostis, Lolium and Phleum ( A N D E L 1 9 7 0 ) . I n the 
la t ter r e p o r t , it has been observed t h a t in non-vernal ized , C E P A - t r e a t e d 
seedlings of Poa, Festuca and Agrostis the t empora ry reduct ion of vege ta t ive 
growth was followed b y the induc t ion of stem f o r m a t i o n , however , no da ta 
have been presented on the earing or flowering of t h e t r ea t ed p l an t s . 
E v e r y plant p roduces e thylene a n d is in f luenced by e thy lene a t some 
stage of i t s ontogeny ( P R A T T — G O E S C H L 1 9 6 9 ) ; ye t ne i t he r e thylene no r ethyl-
ene re leas ing СЕРА a p p e a r to have been previously t es ted for the i r vernal-
ization ac t iv i ty . We were thus p r o m p t e d to e x a m i n e whe ther С Е Р А m a y 
affect vernal izat ion in whea t . 
Material and Method 
K e r n e l s of w in t e r w h e a t ( T r i t i c u m aestivum ssp. vulgare) cv. L e s z c z y n s k a Wczesna 
were g e r m i n a t e d a t 22°C i n dis t i l led w a t e r ( c o n t r o l I) or in С Е Р А solut ions of 50, 200 a n d 500 
p p m . A f t e r 24 hrs the k e r n e l s were t r a n s f e r r e d to t he r e f r i g e r a t o r where t h e y were k e p t for 
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40 days a t 2 ± 1°C. E v e r y f i f th d a y t he water con ten t of the kernels was ad jus t ed to 4 5 % . 
T h e kernels were sown on May 24, 1971, into p lan t beds of 1.75 sq. m each , s i tuated in t he 
exper imenta l field of the Copernicus Univers i ty Agr icu l tura l E x p e r i m e n t a l Stat ion, Piwnice 
n r . Torun, in no r thwes te rn -cen t ra l P o l a n d , in four repl icat ions. Kerne ls previously soaked 
f o r 24 hrs a t a t e m p e r a t u r e of 22°C in distilled wa te r (control I I ) or in С Е Р А solutions of 
50 and 500 ppm (cont ro l I I I ) were s o w n simultaneously in the same expe r imen ta l field. Begin-
n i n g with the a p p e a r a n c e of the f i r s t ea r among the p l an t s of control I , t h e number of eared 
p l a n t s were recorded , the observa t ions being made every week until no changes in heading 
w e r e noted. 
Results 
No ear f o r m a t i o n occurred in any of the plots sown wi th unvernal ized 
w h e a t , i.e. in con t ro l s I I and I I I , regardless of С Е Р А t r e a t m e n t of control I I I 
kernels . The no t iceab le increase in the n u m b e r of headed p l a n t s , however, 
t o o k place in t h e p lan ts s u b j e c t e d to bo th vernal izat ion a n d С Е Р А t r ea t -
m e n t as compared to the verna l ized bu t u n t r e a t e d p lan ts of con t ro l I (Table 1 
a n d Fig. 1). T h e s e results show t h a t CEPA-re leased e thy lene cannot sub-
s t i t u t e the e f fec t of cold t r e a t m e n t ; e thylene act ion, t he re fo re , should be 
r e g a r d e d as m a d e possible b y t h e vernal izat ion t r e a t m e n t . 
The considerable , reaching as much as 8 to 53-fold, increase in the n u m -
b e r of eared p l a n t s observed on the 70th d a y a f te r sowing indicates t h a t 
C E P A - t r e a t e d p l a n t s a t t a ined t h e generat ive s tage earlier. T h u s the ac t iv i ty 
of t h e CEPA-re leased ethylene m a y be accounted for by t h e modif ica t ion of 
Fig. 1. Acceleration of vernal izat ion in winter whea t cv. Leszczynska Wczesna caused by 
2-ch loroe thy lphosphonic acid (СЕРА), an e thylene releasing compound . P h o t o t a k e n on the 63rd 
d a y a f t e r sowing. ( K = vernalized p l a n t s referred in t e x t as control I , 1 = vernal ized p lan ts 
subjected to t h e C E P A - t r e a t m e n t [50 ppm]) 
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the metabol ic processes wh ich follow t h e vernal iza t ion s t imulus and a re in-
volved in t h e t r a n s f o r m a t i o n of a vege ta t ive to a r ep roduc t ive mer is tems as 
well as t h e acceleration of such a t r a n s f o r m a t i o n . Ev idence , other t h a n pre-
sented here , for either mechan i sm is l ack ing a t the p r e sen t t ime. 
Table 1 
Effect of joint vernalization and СЕРА treatments on 
the number of headed plants of Leszczynska Wczesna 
teinter wheat. In percent of the vernalized but untreated 
plants referred to in the text as control I 
Days af ter sowing 
СЕРА, ppm 
50 200 500 
70* 5352.8 1961.1 861.1 
77 1023.0 201.9 170.9 
84 702.1 391.2 159.3 
92 706.1 404.5 185.0 
98 543.7 423.2 179.1 
* August 2, 1971. 
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FERTILIZER PLACEMENT AND PHOSPHATE 
ABSORPTION BY FIELD CROPS GROWN ON A NON-
CALCAREOUS MANITOBA SOIL 
By 
Y . P . K A L R A 
NORTHERN F O R E S T RESEARCH C E N T R E , FORESTRY SERVICE, ENVIRONMENT CANADA, 
5320-122 S T R E E T , EDMONTON, A L B E R T A T6H 355 
A g la s shouse e x p e r i m e n t w a s c o n d u c t e d t o s t u d y t he i n f l u e n c e of m e t h o d of 
ferti l izer p l a c e m e n t on p h o s p h a t e u t i l iza t ion f r o m a n o n - c a l c a r e o u s soil. P 3 2 - t a g g e d 
m o n o p o t a s s i u m p h o s p h a t e c r y s t a l s (0.10—0.25 m m in d i a m e t e r ) w e r e spread or p l a c e d 
as a pel let i n a smal l cav i ty i n t h e soil in t he c e n t r e of t he p o t a b o u t 1.4 cm be low t h e 
seeds. B u c k w h e a t , rape , w h e a t a n d f l ax a b s o r b e d 37.8, 27.2, 17.3 a n d 9 . 1 % p h o s p h o r u s 
f rom the u n i f o r m l y - s p r e a d c r y s t a l s and 24.2, 24 .6 , 14.2 and 5 . 0 % phosphorus , r e spec -
t ively f r o m t h e pellet . T h e s e d a t a have been c o m p a r e d w i th t h e earl ier resul ts w i t h 
calcareous soils f r o m M a n i t o b a . 
Introduction 
In earlier s tudies it was f o u n d tha t f ie ld crops differ in their p h o s p h a t e 
u p t a k e efficiencies (KALRA 1965, 1971a; K A L R A — S O P E R 1968) and also t h a t 
these efficiencies are in f luenced by the m o d e of appl icat ion and p h o s p h a t e 
car r ier ( K A L R A 1971b, S O P E R — K A L R A 1969). These s tud ies were conduc ted 
on modera te ly calcareous ( K A L R A — S O P E R 1968, S O P E R — K A L R A 1969), 
s t rongly ca lcareous ( K A L R A 1971a, 1971b) and very s t rong ly calcareous 
( K A L R A 1971b) soils. 
Eff ic iency of the m e t h o d of phosphat ic fertilizer appl ica t ion has been 
r epor t ed to be af fec ted by t h e calcareous n a t u r e of the soil. I t has been a 
common observa t ion t ha t t h e chemical charac ter is t ics of phospha t e fert i l izers 
assume greater impor tance on calcareous soils t han on acid soils (WEB et al. 
1961b). For example , WEB et al. (1961a) f o u n d tha t for oa t s the degree of 
phosphorus w a t e r solubility a s sumed grea ter significance on calcareous soils 
while p lacement effects were of greater s ignif icance on acid soils. In green-
house exper iments S P E E R et al. (1951) c o m p a r e d 11 p h o s p h a t i c fertil izers for 
t he i r avai labi l i ty to Black Valen t ine s t r ing beans on an acidic sandy loam 
( p H = 6.0, c i t r a t e - ex t r ac t ab l e P = 14 p p m ) and an a lkal ine , ca lcareous 
b l ack clay ( p H = 8.1, c i t r a te -ex t rac tab le P = 40 ppm, C a C 0 3 = 8%) . T w o 
methods of fer t i l izer appl ica t ion were c o m p a r e d . For b a n d i n g , the fer t i l izer 
was applied in a small localized area in the cen t r e of the p o t abou t two inches 
below seed level . For the o t h e r method, t h e fertil izer was in t imate ly m i x e d 
w i th the soil. Eff ic iency of t he se methods var ied for t h e two soils. I t was 
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r epor t ed t h a t on calcareous soil r e l a t i ve ly water soluble fertilizers showed 
s ign i f ican t mer i t . A p p a r e n t l y , u p t a k e of applied phosphorus depends to a 
large e x t e n t upon the p H and the C a € 0 3 content of t h e soil. The re fo re , this 
research was designed to inves t iga te w h e t h e r the di f ferences f o u n d on cal-
careous soils are also observed on a non-calcareous soil. 
Material and Method 
T h e e x p e r i m e n t was c o n d u c t e d on a We l lwood clay l o a m . These wel l -d ra ined Black 
soils a re deve loped on th in m e d i u m t e x t u r e d l a c u s t r i n e deposi ts u n d e r l a i n by s t r a t i f i e d sand 
a t ca. 0.8 t o 1.3 m below t h e su r face (EHRLICH et al. 1957). T h e soils, r e p r e s e n t a t i v e of the 
0—15 c m d e p t h , were collected a n d ana lyzed as g iven earlier (KALRA— SOPER 1968). Some 
of t h e cha rac te r i s t i c s are g iven in Tab le 1. 
Table 1 
Soil characteristics 
p H 6.4 
Conduc t iv i ty 0.3 m m h o s / c m 
Organic m a t t e r 6 . 1 % 
CaC0 3 e q u i v a l e n t 0 . 0 % 
N i t r a t e - N 8.3 p p m 
Easi ly soluble P 18.1 p p m 
E x c h a n g e a b l e К 310 p p m 
Moisture c o n t e n t a t f ie ld c a p a c i t y 28 .1% 
T w o k i lograms of t h e a i r -d ry soil t h a t p a s s e d th rough a 6 - m m screen were p l a c e d in 
2.3-l i tre porce la in glazed po t s ( d i a m e t e r = 14 cm) . W h e a t (Triticum aestivum L. " M a n i t o u " ) , 
f l a x ( L i n u m usitatissimum L. " R e d w o o d " ) , r a p e (Brassica napus L . " T a n k a " , A r g e n t i n e 
t ype ) a n d b u c k w h e a t ( F a g o p y r u m esculenlum Moench ) were t h e t e s t crops. The ca r r i e r - f ree 
P 3 2 (in t h e f o r m of H 2 P 0 4 ) was ob t a ined f r o m t h e Atomic E n e r g y of Canada L t d . , O t t a w a . 
R a d i o a c t i v e K H 2 P 0 4 c rys ta ls ( d i a m e t e r 0.10 t o 0.25 m m ) w ere p r e p a r e d a n d applied as " s p r e a d " 
a n d " p e l l e t " (SOPER — KALRA 1969) , s u p p l y i n g 20 m g P 3 1 a n d 10 fiС P 3 2 t o e a c h p o t . T h e r e 
were 3 r ep l i ca t ions . A u n i f o r m s t a n d was o b t a i n e d b y th inning . O t h e r detai ls are g iven in the 
e a r l i e r t w o p u b l i c a t i o n s ( K A L R A — S O P E R 1 9 6 8 , S O P E R — K A L R A 1 9 6 9 ) . 
T h e e x p e r i m e n t was c o n d u c t e d in a p e r m a n e n t greenhouse . L i g h t i n t e n s i t y a t ca. 
40 cm a b o v e t h e p l an t s was 16,000 lux to give a d a i l y 16-hour p h o t o p e r i o d . The t e m p e r a t u r e 
was a b o u t 21°C (70°F) du r ing t h e d a y and 16°C (61°F) at n igh t . T h e p lan t s were h a r v e s t e d 
52 d a y s a f t e r seeding, d iges ted w i t h an H N 0 3 — H 2 S 0 4 — H C 1 0 4 m i x t u r e (10 : 1 : 4 v / v / v ) and 
ana lyzed as given in an ear l ier p a p e r (KALRA—SOPER 1968). 
Results 
T h e " t " tes t showed t h a t the a m o u n t s of phosphorus absorbed f rom 
the soil as well as the p lan t yields, f r o m t h e two methods of fertilizer appl ica-
t ion, were no t s ignif icant (Table 2). 
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Table 2 
Influence of mode of application of fertilizer on yield and phosphorus utilization of the above-
ground portions of four field crops 
Crop 
Yield 
g /po t 
Utilization 




of soil p 
mg/pot 
' ' A " value 
p p m 
Spread Pellet Spread Pellet Spread Spread Pel let Pellet 
B u c k w h e a t 5.97 6.17 37.75 24.17 8.79 9.74 11.64 22.08 
R a p e 4.10 3.96 27.24 24.63 8.36 8.21 15.41 16.69 
W h e a t 3.06 3.10 17.33 14.19 4 .05 5.64 11.70 19.93* 
F l a x 1.87 2.01 9.09 4.98* 2.92 3.61 16.32 37.12* 
* Significant a t 5 % level. 
I n view of t h e earlier d a t a for a modera te ly calcareous soil ( S O P E R — 
K A L R A 1 9 6 9 ) and t h e present r e su l t s for A non-calcareous soil, it is evident 
t h a t t h e efficiency of the two m e t h o d s of appl ica t ion of phosphat ic-fer t i l izer 
c ry s t a l s depends, amongs t o the r factors , upon t h e p H and t h e con ten t of 
ca lcareous mater ia l in the soil. F o r buckwhea t a n d rape in calcareous soil, 
p h o s p h o r u s f rom t h e "pe l l e t " t r e a t m e n t was more avai lable t h a n f r o m the 
" s p r e a d " t r e a t m e n t b u t the oppos i te was f o u n d in the non-calcareous soil. 
I n t h e case of f l a x a n d a cereal, phosphorus f r o m t h e " p e l l e t " was more avail-
ab le in the non-calcareous soil t h a n the calcareous soil. A l t h o u g h there was 
a h ighe r up take of fertil izer f r o m the " s p r e a d " t r e a t m e n t t h a n f rom t h e 
" p e l l e t " method in all crops, t h e difference was s igni f icant on ly in f lax . 
I n an earl ier exper iment ( S O P E R — K A L R A 1 9 6 9 ) i t was found t h a t 
fer t i l izer phosphorus absorpt ion decreased to one-s ix th for f l a x and one-
t h i r d for a cereal (oats) when t h e method was changed for app ly ing crystals 
f r o m " s p r e a d " to " p e l l e t . " A decrease in fert i l izer u p t a k e b y f l a x and a cereal 
( w h e a t ) was f o u n d in the non-calcareous soil also b u t i t was n o t as large as 
in t h e calcareous soil. 
On calcareous soils, the u p t a k e of phospha t e fert i l izer b y f l a x increased 
w i t h an increase in t h e area of fertil izer p l a c e m e n t ( S O P E R — K A L R A 1 9 6 9 ) . 
T h e differences be tween the efficiencies of t h e two m e t h o d s of ferti l izer 
app l ica t ion in supp ly ing phospho rus to f lax a n d t h e cereal were greater on 
t h e calcareous soil t h a n on t h e non-calcareous soil. R a p e a n d buckwhea t 
a b s o r b e d more phosphorus f r o m t h e crystals p laced in t h e cen t re of the po t 
t h a n f rom the c rys ta l s spread un i fo rmly as a n a r r o w b a n d in t h e calcareous 
soil b u t the opposi te was f o u n d in the non-calcareous soil. 
Several f a c t o r s m a y be responsible for t h e observed va r i a t ions among 
calcareous and non-calcareous soils. These va r i a t i ons m a y be a t least p a r t l y 
d u e to the m o v e m e n t of phospho rus from t h e p lace of appl ica t ion . L E W I S — 
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RACZ ( 1 9 6 9 ) r epor t ed t h a t t h e e x t e n t of phosphorus m o v e m e n t f rom the 
app l ica t ion site of a pellet was grea te r in non-calcareous soils t h a n in cal-
ca reous soils for m o n o - a m m o n i u m phospha te . Moreover , the r a t e of phos-
p h o r u s m o v e m e n t was also rap id in t h e former soil. The p H and t h e cations 
p r e s e n t in the soil would de t e rmine the t ype of reac t ion t h a t would occur 
u p o n the addi t ion of ferti l izer phosphorus . MALEINA ( 1 9 5 8 ) r e p o r t e d t h a t for 
p h o s p h a t e s to be well uti l ized b y p lan ts , large a m o u n t s of phosphorus fer-
t i l izer are requi red for acid soils while small a m o u n t s m a y be suf f ic ien t for 
n e u t r a l , ca rbona te and limed soils. 
Fo r a soil of p H 6 . 6 , KHANNA—MAHAJAN ( 1 9 7 1 ) r epor ted t h a t con-
vers ion of the added K H 2 P 0 4 was in the form of Al — P 0 4 (35 t o 56%) and 
F e — P 0 4 (17 to 34%). In a soil of p H 8.3 (2.0% CaC0 3 ) , on t h e o t h e r hand , 
saloid bonded-P a n d C a — P 0 4 were much more t h a n in acid soil. In their 
e x p e r i m e n t s on t h e conversion of water-soluble phospha tes t o less soluble 
f o r m s , LAVERTY — M C L E A N ( 1 9 6 0 ) s tud ied 1 2 soils. T h e p H range was 4 . 7 to 
7.3 a n d it was r epo r t ed t h a t as t h e p H increased, samples showed a t endency 
fo r more phospha te in the C a — P 0 4 f rac t ion and less p h o s p h a t e in t h e F e — P 0 4 
f r a c t i o n . Differences in the ava i lab i l i ty of the reac t ion p roduc t s wou ld par t ly 
a c c o u n t for the observed va r i a t ions . OLSEN et al. ( 1 9 5 6 ) compared t h e avail-
ab i l i t y of phospha t e carriers to w in t e r wheat as a f fec ted by t h e m e t h o d of 
p l a c e m e n t and n a t u r e of soil. I t was repor ted t h a t m a x i m u m effect iveness of 
t h e more soluble fo rms of p h o s p h a t e fertil izers occurred on calcareous soils. 
The " A " va lues (FRIED — D E A N 1 9 5 2 ) * were high for the " p e l l e t " method 
of fer t i l iz ing for all crops, bu t these differences were s ignif icant for f l a x and 
w h e a t only. The "A" values for r ape and f l ax were similar in t h e " s p r e a d " 
t r e a t m e n t the values for f l a x were a b o u t twice as h igh as t h a t for r ape . Because 
t h e soil phosphorus u p t a k e by f l a x (like other crops) was no t d i f f e ren t for the 
two methods , a ve ry high "A" va lue for the " p e l l e t " t r e a t m e n t of f lax is 
due to its much lower u p t a k e of t h e fertil izer when t h e crystals were placed 
in t h e centre of t h e po t t h a n t h a t f r o m the crysta ls spread un i fo rmly . 
* " L e t us assume a soil with two sources (A and B) of a nu t r ien t (phosphorus for ex-
ample) . If the plants growing in this soil absorb nutr ient f rom the two sources in direct propor-
t ion t o t he respective a m o u n t available t h e n : 
•4 soil p[ant ^ 
-®soil épiant 
E q u a t i o n (1) provides a basis by which t h e available nutr ient in a soil can be compared with 
t h a t of a s tandard and i ts amount measured. Solving for B p | a n t in t e rms of y, and subst i tut ing 
ВЦ - у 
A = - 1
 ( 2 ) 
У 
Accordingly, the amount of available n u t r i e n t in the soil. A, can be measured if y , the propor-
tion of nut r ien t in the p lan ts derived f r o m the s tandard can be de termined." 
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H o w e v e r , cer ta in fac tors such as t h e extent of r o o t growth, t h e presence 
of o t h e r nu t r ien t s , e tc . ( K A L R A 1 9 6 6 , 1 9 7 1 C ) would a f f ec t phosphorus utiliza-
tion f r o m calcareous as well as non-ca lcareous soil. T h e ini t ial level of avai lable 
p h o s p h o r u s and the p h o s p h a t e f i x i n g capaci ty are i m p o r t a n t in de t e rmin ing 
the r e sponse to fer t i l izer phosphorus ( V O L K — M C L E A N 1 9 6 3 ) . T h e soil used 
for t h e p resen t expe r imen t had h ighe r amounts of avai lable p h o s p h o r u s as 
c o m p a r e d to the soils used in the p r ev ious exper iments . The a m o u n t of soil 
p h o s p h o r u s absorbed b y the p lan t s would be a f f ec t ed b y the soil reac t ion . 
J O H N et al. ( 1 9 6 7 ) obse rved t h a t f o r lucerne the re la t ionship b e t w e e n soil 
p h o s p h o r u s and p l an t phosphorus d i f fe red , besides o the r fac tors , w i t h the 
soil p H . 
T h e avai labi l i ty of phosphorus f r o m the fer t i l izer applied b y a par t ic-
ular m e t h o d is d i f fe rent fo r calcareous a n d non-calcareous soils. M a n y physical 
and chemica l condit ions inherent t o soils which were used in earlier invest iga-
t ions w i t h calcareous soils and t h e p r e sen t exper imen t with non-ca lcareous 
soil w o u l d influence phosphorus u t i l i za t ion and' t h u s be responsible for the 
observed var ia t ions. F o r fu r the r e v a l u a t i o n of these fac tors , s imi lar experi-
ments shou ld be carr ied out in the f i e ld . 
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PHOSPHORUS, LIPID AND PHOSPHOLIPID CONTENTS 
OF MYOFIBRILLAR PROTEINS 
I I . L I P I D A N D P H O S P H O R U S C O N T E N T O F M Y O S I N 
By 
S . F A Z E K A S , Y . S Z É K E S S Y - H E R M A N N , L . V O D N Y Á N S Z K Y , G . K A T O N A 
INSTITUTE OF MEDICAL BIOCHEMISTRY, SEMMELWEIS UNIVERSITY OF MEDICINE 
The p a p e r deals w i th t h e he te rogene i ty of m y o s i n and w i t h i t s p h o s p h o r u s a n d 
lipid c o n t e n t . Changes in t h e p h o s p h o r u s c o n t e n t of myos in were f o u n d to d e p e n d on 
t h e m e t h o d of p r e p a r a t i o n ( 3 — 4 . 5 g a tom p h o s p h o r u s per 5 • 10 5 g p ro te in ) . T h e 
phosphorus c o n t e n t of c h r o m a t o g r a p h e d f r a c t i o n s also changes a n d i n acco rdance w i t h 
t h e cond i t ions of separa t ion s e t t l e s a t a c o n c e n t r a t i o n d e t e r m i n e d b y t h e c o n c e n t r a t i o n 
of p y r o p h o s p h a t e . The l ipid c o n t e n t of myosin w a s f o u n d to be m u c h h igher t h a n t h e 
4 per cent s u g g e s t e d by t he l i t e r a t u r e (LYNN 1965). Owing to t h e agg rega t ion of t h e 
g ian t molecu le t h e whole l ipid c o n t e n t can be r e m o v e d f r o m t h e m y o s i n w i th Chl -MeOH 
only a f t e r a v e r y long t ime a n d r e p e a t e d t r e a t m e n t s , b u t , w h e n s u b j e c t e d to dia lysis , 
l ipid is s lowly re leased f r o m t h e molecule, t h e g r e a t e r p a r t of w h i c h a p p e a r s in t h e 
dialysing w a t e r . Myosin f r o m w h i c h a p a r t of i t s l ip id c o n t e n t h a s b e e n r e m o v e d gives 
a n u l t r a v i o l e t spec t ra , a n d a d i f f e rence e x t i n c t i o n spec t ra c a n b e d r a w n u p , w h i c h 
c a n n o t be d o n e w i t h c rude m y o s i n . On a D E A E - c e l l u l o s e c o l u m n t h e myos in c a n be 
sepa ra t ed a t l e a s t i n to fou r f r a c t i o n s , b u t only f r a c t i o n I I I s h o w s a single c o m p o n e n t 
e l ec t rophore t i ca l ly . Under t h e i n f l u e n c e of d ia lys is t h e c h r o m a t o g r a p h e d f r a c t i o n s — 
when e x a m i n e d separa te ly — r e l e a s e some m o r e l ip ids , m o r e o v e r i t is only t h e n t h a t 
t h e closely b o u n d lipid l e f t b e h i n d can be o b t a i n e d t h r o u g h e x t r a c t i o n b y a m i x t u r e 
of Chi : M e O H . W h e n f re sh ly i s o l a t e d the l ipids of m y o s i n are co lour less l iquids , wh ich 
in the air q u i c k l y au tooxid ize a n d become a b r o w n i s h resin- l ike m a t e r i a l po lymer ized 
in an aspec i f ic w a y . On T L C s h e e t s (silica gel) l ip ids re leased b y d ia lys i s show 6—7 spots , 
while c h r o m a t o g r a p h e d myos in , f r a c t i o n s only 2 — 3 spo t s (a t t h e p l aces of leci thin a n d 
cephal in) , w h i c h d i sappear a f t e r t h e a u t o o x i d a t i o n a n d show a d i f f e r e n t loca l iza t ion . 
Introduction 
In a prev ious publ icat ion (FAZEKAS et al. 1 9 7 1 ) the a u t h o r s described 
t h a t f rom the ch roma tog raph ic f rac t ions of myos in a non-pro te in lipid f rac-
t ion autooxidiz ing in the air can be removed, which may h a v e a role in main-
t a i n i n g the s t r u c t u r e of the m y o s i n . 
Namely, m a n y authors h a v e proved the he te rogene i ty of myosin wi thou t 
p ro teo ly t i c enzymes being app l i ed . 
K I E L L E Y — H A R R I N G T O N ( 1 9 6 0 ) found t h a t in 5 M guan id in . HCl myosin 
is composed of a t leas t three s u b u n i t s . S M A L L et al. ( 1 9 6 2 ) , Y O U N G et al. ( 1 9 6 2 ) 
p o i n t e d out t h a t in 12 M u r ea or 5 M guan id in . HCl the myos in molecule 
f i r s t spreads t h e n dissociates i n t o polypept id chains . L O W E Y — C O H E N ( 1 9 6 1 ) 
supposed two, while K I E L L E Y — H A R R I N G T O N ( 1 9 6 0 ) , Y O U N G et al. ( 1 9 6 2 ) th ree 
n a t u r a l subuni t s . The molecular weight of large pept ides was found to be 
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2 0 0 0 0 0 g b y S M A L L et al. ( 1 9 6 2 ) , a n d 2 1 5 0 0 0 g b y D R E I Z E N et al. ( 1 9 6 7 ) . 
On an acrylamide gel of 2 . 6 per cent F L O R I N I — B R I V I O ( 1 9 6 9 ) could even 
s epa ra t e the large pept ides of myosin by electrophoresis. 
I n addit ion to componen t s of high molecular weight O P P E N H E I M E R et al. 
(1967), L O C K E R — H A G Y A R D (1967a), L O C K E R — H A G Y A R D (1967b), D R E I Z E N et 
al. (1967) demons t ra t ed the existence of some 20 pe r cent , 20 — 30 000 low 
molecular weight pro te ins in myosin . P A T E R S O N — S T R O H M A N (1970) found 
t h a t t h e low molecular weight componen t s are also released under t h e in-
f luence of dodecyl su lpha te , and are identical wi th pep t ides released at 10.5 
p H a n d correspond to componen t s of 18 500 — 19 500, 32 100 and 33 000 
molecular weight on acrylamide gel. W i t h a compara t ive gel-electrophoretic 
m e t h o d the light molecule componen t s of chicken myosin were f o u n d by 
S A R K A R — C O O K E (1970) to be of 25 500, 17 600 and 15 200, while those of 
ca t t l e myosin by S C O P E S — P E N N Y (1971) to be of 22 500, 18 000 a n d 17 500 
molecular weight. 
T R A Y E R — P E R R Y ( 1 9 6 6 ) , G R O S C H E L - S T E W A R T ( 1 9 7 1 ) consider t h e myosin 
to be an isoenzyme a n d th ink t h a t th i s fac t accounts for the high var ia t ion 
of myos in ATP-ase ac t iv i ty in t he d i f fe rent muscle types . 
P E R R I E — P E R R Y ( 1 9 7 0 ) found t h a t light componen t s are no t required 
for t h e ATP-ase ac t iv i ty of myosin to develop. According to earlier l i terary 
d a t a , t he AMP deaminase (AMP-amino-l iydrolase E C 3 . 5 . 4 . 6 ) is h o u n d with 
a h igh adsorpt ion energy on the surface of the myosin ( S Z E K E S S Y - H E R M A N N — 
JosEPOvus 1 9 4 9 , S Z É K E S S Y - H E R M A N N — Z O M B O R I 1 9 5 4 ) , as is choline esterase 
(acetylcholine esterase E C 3 . 1 . 1 . 7 , V O D N Y Á N S Z K Y et al. 1 9 6 1 ) the ac t iv i ty of 
which balances at a cons tan t va lue dur ing the usua l myosin pur i f ica t ion 
car r ied out by cyclic prec ip i ta t ion . 
The idea of a connect ion possibly existing be tween the lipid and its 
s u b u n i t s in the s t r u c t u r e of the myosin molecule has been raised. Af t e r several 
years observat ion — in agreement w i th L Y N N ' S (1965) results — the authors 
f o u n d t h a t the easy remova l of some lipids f rom the surface of t h e myosin 
molecule resulted in t h e increased ATP-ase ac t iv i ty of myosin; however , a 
p a r t of the lipids could not be r emoved in the ex t rac t ion exper iments which 
led to t he heterogenei ty of myosin. 
I n the course of pur i f ica t ion t h e authors followed the ATP-ase ac t iv i ty 
of t h e myosin f rac t ions , the ac t iv i ty of the secondary enzymes, as well as 
the i r electroplioretic homogenei ty and the changes in the i r phosphorus and 
lipid con ten t . 
The authors give an account of t he fact t h a t l ipids released f r o m the 
myos in fract ions change as a consequence of au toox ida t ion , and t h u s their 
posi t ion on the th in- layer silica gel slab changes too. 
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Material and Method 
Myofibr i l s w e r e o b t a i n e d f r o m b a c k a n d leg m u s c l e s of f o u r - m o n t h - o l d r a b b i t s w i t h 
t h e m e t h o d of PERRY—CORSI (1958). T h e myof ib r i l l a r m y o s i n was c o v e r e d w i th HASSEL-
BACH—SCHNEIDER (1951) solut ion. B o t h myos ins were p u r i f i e d by cycl ic p r ec ip i t a t i on . T h e 
m y o s i n solut ions w e r e d i l u t e d wi th d i s t i l l ed wate r t o a c o n c e n t r a t i o n of 0 .025 M KCl; a f t e r 
p r e c i p i t a t i o n and s e d i m e n t a t i o n the p u r e s u p e r n a t a n t w a s d e c a n t e d and d i s c a r d e d , the m y o s i n 
c e n t r i f u g e d and s u s p e n d e d in 0.5 M K C l . T h e a c t o m y o s i n w a s r emoved b y d i l u t i n g to 0.25 M 
a n d cen t r i fug ing . T h e m y o s i n was p r e c i p i t a t e d by a r e p e a t e d di lut ion a n d f i n a l l y c h r o m a t o -
g r a p h e d on a D E A E - c e l l u l o s e co lumn w i t h t h e t e c h n i q u e of BARIL et al. (1966) , a f t e r a d a p t i n g 
t h e m e t h o d e l a b o r a t e d f o r chicken m y o s i n t o r a b b i t m y o s i n . O u t of some 10 c h r o m a t o g r a p h i c 
e x p e r i m e n t s e lu t ion so lu t ions w i th t h e m o s t a d e q u a t e compos i t i on were se lec ted a n d t h e i r 
o p t i m u m c o n c e n t r a t i o n s de t e rmined . 
Myosin was o b t a i n e d f r o m g r o u n d muscles a f t e r SZENT-GYÖRGYI (1947), w i t h t h e 
m o d i f i e d m e t h o d of PORTZEHL et al. (1950) , b y r e p e a t e d p rec ip i t a t i on a n d c h r o m a t o g r a p h i c 
p u r i f i c a t i o n on D E A E - c e l l u l o s e . * P r e p a r a t i o n s d i a lysed a n d dried a t 105°C were used f o r 
a n a l y s i s . P h o s p h a t e - f r e e myos in — w i t h t h e view of con t ro l l ing t h e a b s o l u t e p h o s p h o r u s 
c o n t e n t of myos in — w a s ob ta ined w i t h t h e e x t r a c t i o n m e t h o d of FINCK (1965) and p u r i f i e d 
b y t h e ( N H 4 ) 2 S 0 4 - t e c h n i q u e . 
T h e p ro te in c o n c e n t r a t i o n w a s d e t e r m i n e d b y m e a s u r i n g t he N c o n t e n t w i th t he K j e l -
d a h l m e t h o d , or w i t h t h e mic rob iu re t m e t h o d a f t e r GOA (1963), and t h e s p e c t r o p h o t o m e t r i c 
m e t h o d of YOUNG (1967) r espec t ive ly . T h e u l t r a v iole t s p e c t r a of t he i n d i v i d u a l f r ac t i ons w a s 
p r e p a r e d wi th a B e c k m a n (model G) s p e c t r o p h o t o m e t e r . 
T h e l ipids w e r e e x t r a c t e d a c c o r d i n g to FOLCH et al. (1957), w i t h a m i x t u r e of Chi : 
M e O H : wa te r = 65 : 33 : 2 v /v/v f r o m p r e p a r a t i o n s d r i e d in Vacuum t h e r m o s t a t . The p h o s -
p h o r u s c o n t e n t w a s d e t e r m i n e d a c c o r d i n g to FISKE—SUBBAROW (1925), b u t t he las t r e d u c -
t i o n ( to a f ina l v o l u m e of 1 ml/10 ml ) w a s m a d e b y a d d i n g 1 per cent a s c o r b i c acid a c c o r d i n g 
t o LOWRY et al. (1954) . T h e lipids w e r e classif ied b y t h i n - l a y e r c h r o m a t o g r a p h y on silica gel 
s l abs , as descr ibed i n de t a i l in t he a u t h o r s ' previous p a p e r (FAZEKAS et al. 1972) cited u n d e r 
t h e c h r o m a t o g r a m s . 
The h o m o g e n e i t y of t he m y o s i n f r a c t i o n s was e x a m i n e d by P o l y a c r y l a m i d e gel e l ec t ro -
phores i s , on 1 9 x 9 x 0 . 6 c m slabs, a c c o r d i n g to AKROYD et al. (1967). 4 p e r cen t a c r y l a m i d e 
gel s l abs wi th 3 p e r c e n t cross-chain (10 g ac ry lamide . 0 .3 g me thy lene -b i sac ry l - amide ) w e r e 
p r e p a r e d in a b u f f e r s y s t e m c o n t a i n i n g 8 M urea a n d 1 p e r cent 2 - m e r c a p t o - e t h a n o l . W h e n 
p r e p a r i n g the gel s l a b s a d e n t a t e p l e x y (pe r spex) b o t t o m p l a t e was used, a n d a f t e r the s a m p l e s 
h a d been t aken , t h e 5 m m deep a n d 6 m m wide b r i c k - s h a p e d groove, f o r m i n g a f t e r t h e p o l y -
m e r i z a t i o n of t he gel w a s covered w i t h a 10—12 m m t h i c k f reshly m a d e p o l y a c r y l - a m i d e gel 
l a y e r . T h e p r e p a r a t i o n of t he gel a n d t h e b u f f e r s y s t e m , t h e s ta ining, a n d r e m o v a l of t he s u p e r -
f l u o u s p a i n t were c a r r i e d out s imi la r ly t o the p r o c e d u r e fo l lowed by PEKRIE—PERRY (1970) , 
h u t t h e du ra t ion of t h e e lec t rophores i s w a s more t h a n 4 h o u r s . At t h e b e g i n n i n g t he e l ec t ro -
p h o r e s i s took p lace a t a cur ren t f l u x of four , t hen e i g h t MA /cm2 gel, a t r o o m t e m p e r a t u r e , 
a n d du r ing this 1 6 — 1 8 ° C water f l o w e d t h r o u g h t h e coo l ing sys tem of t h e a p p a r a t u s . U n d e r 
s u c h condi t ions t h e c h r o m a t o g r a p h i c f r a c t i o n s en te r t h e gel, only t h e n o n - c h r o m a t o g r a p h e d 
c o n t r o l in t he p y r o p h o s p h a t e b u f f e r , a n d a cons ide rab l e p a r t of f r a c t i o n s I , and l a r e m a i n 
a t t h e s t a r t ing l ines . 
Results 
Phosphorus and lipid content of myosin. The t o t a l lipid con ten t of 
c r u d e myosin isola ted f rom g round muscles is highly v a r y i n g . When t h e 
a q u e o u s solut ion of myosin p repa ra t ions is u sed as init ial mater ia l 13 — 33 
* D E A E - c e l l u l o s e D E 32 ( c a p a c i t y — 1.0 m e q u i v / g ) was p u r c h a s e d f r o m W h a t m a n , 
S e p h a d e x G-200 — f r o m P h a r m a c i a , Uppsa la . T R I S - ( h y d r o x y m e t h y l ) - a m i n o m e t h a n e — 
f r o m Calbiochem, A T P (Adenos ine -5 ' - t r i phospha te ) , U r e a , N a t r i u m p y r o p h o s p h a t e a n d o t h e r 
chemica l s f r o m R e a n a l , Budapes t . 
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per cent t o t a l lipid can be ex t rac ted . A f t e r repeated precipi ta t ion f l u c t u a t i o n 
in the l ipid content is negligible. A f t e r centr i fuging t h e solution fo r 2 hours 
a t 105 000 g and 0°C, a n d removing t h e s u p e r n a t a n t l ipid, a pe r f ec t l y t rans-
pa ren t myos in solution is obtained. I t s l ipid content is much lower t h a n t ha t 
of the c rude myosin. W i t h o u t u l t r acen t r i fug ing t h e myosin remains opaque 
even a f t e r p rec ip i ta t ion . Myosin o b t a i n e d by chromatograph ic sepa ra t ion , 
f rom DEAE-cel lu lose w i t h KCl-gradient has a v a r y i n g lipid c o n t e n t ; 6—8 
per cent w h e n s ta r t ing f r o m wet gel a n d 6 per cent w h e n f rom p r e p a r a t i o n s 
dried a t a t e m p e r a t u r e of 105°C. D r y myosin can n o longer be dissolved; 
it is a swelling rubber - l ike elastic m a s s which can h a r d l y be c r u s h e d in a 
kni fe-homogeniza tor , a n d even when homogenized fo r 2 hours in 20 pe r cent 
me thano l shows ha rd ly a n y change a n d gives a r o u g h suspension o n l y . The 
f i r s t e x t r a c t is ob ta ined b y adding two u n i t volumes of chloroform, homogen-
izing for 20 minutes a n d ex t rac t ing for one day. F u r t h e r extracts are ob ta ined 
b y add ing 10 vol e x t r a c t i n g solution a n d ex t rac t ing for 1 — 2 d a y s . Both 
myosin pu r i f i ed by r e p e a t e d prec ip i ta t ion and t h a t c h r o m a t o g r a p h e d with 
linear g rad ien t KCl are e lec t rophoret ica l ly heterogeneous containing f u r t h e r 
subs tances of non-pro te in na ture , t h e r e f o r e this m e t h o d is not su i t ab l e for 
removing t h e m . 
Myosin obta ined b y the F I N C K ( 1 9 6 5 ) me thod passes t h r o u g h many 
phases of isolation and has , accordingly, a lower to ta l phosphorus c o n t e n t of 
3 .1—4 .1 M P/10 5 g. T h e amount of e x t r a c t a b l e lipid is 2 — 3 per c e n t which 
contains 0.4 —1.1 M phosphorus . The myof ibr i l l a r myos in contains 4 .5 — 5.0 g 
a tom phosphorus per 5 X L 0 5 g p ro te in , a n d its t o t a l lipid con ten t isolable 
by lipid so lvents is 6 — 8 pe r cent . E x t r a c t s I I and I I I con ta in small quan t i t i e s 
of b iure t posi t ive subs tances which —• a f t e r the lipid solvent has e v a p o r a t e d 
and re-dissolved — prec ip i t a tes and can be removed b y cent r i fug ing . The 
lipid, phosphol ip id and phosphorus c o n t e n t of var ious myosins are s u m m e d 
up in Tab le 4. 
F u r t h e r exper iments suggested t h a t the da ta d id not r ep re sen t the 
to ta l lipid con t en t of t h e myosins s u m m a r i z e d in the t ab l e . When c o m p a r i n g 
them with t h e gravimet r ic examina t ions of simple p ro t e in s it was f o u n d t h a t 
in the case of myosin va r i ab l e results were obtained for the phosphorus con-
t en t , g rav imet r i c weight a n d amount of substances r emoved by e x t r a c t i o n . 
Discrepancy shown b y t h e var iabi l i ty of these d a t a is highly s ign i f i can t . 
"V ariabil i ty was t hough t t o be in re la t ion wi th the he terogenei ty or s t r u c t u r e 
of the subun i t s of the myos in . As to he te rogene i ty the following obse rva t ions 
were made . 
In t h e course of cyclic prec ip i ta t ion some b iu re t negat ive c o m p o n e n t 
was always le f t behind in t h e s u p e r n a t a n t , though the m a j o r par t of t h e lipids 
prec ip i ta ted wi th the myos in . The lipids causing t h e opalescence of myos in 
can be r emoved by u l t racen t r i fug ing , b u t when dialysed against distil led wa te r 
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it again releases low molecular weight components .* F r o m myosin d ia lysed 
against a 0.5 M KCl solut ion separat ion of more than one low molecular weight 
componen t was observed. 
The l ipid fract ion recovered f r o m t h e dialysing solut ion by e x t r a c t i o n 
and c o n c e n t r a t e d is a yel low liquid w h i c h la ter becomes a resin-like m a s s as 
a resul t of au toox ida t ion . 
F r o m u l t r acen t r i fuged myosin a f t e r repeated ex t rac t ions a t 0°C with 
a mix tu re of chloroform and me thano l (2 : 1, v/v), t h e n Chi : Me v / v , and 
f inal ly p u r e me thano l in some six mon ths a to ta l ly l ipid-free protein p r e p a r a t i o n 
Table 1 
Total lipid, phospholipid and phosphorus content of myosins isolated by different methods* 
Phosphorus content 
Myosin 
N u m b e r 
of isolations 
Isolable 




g a t o m P/105 g 
pro te in f ract ion 
g a t o m P/M 
myos in 
Isolated f r o m g round 
muscle: 
b y a single prec ip i ta t ion 3 8 - 1 6 5 —7.5 2 —4 3 .5—4.5 
chromatogr . d r y gel I 6 6.7 2.6 4 .1 
chromatogr . w e t gel 2 6 - 8 4 . 0 - 5 . 5 0 . 9 - 1 . 5 3 .1—4.0 
chromatogr . r e p e a t e d 
prec ip i ta t ion 2 2 - 3 3 . 8 - 4 . 5 0 . 8 - 1 . 3 3 .0—3.5 
Finck 2 2 - 3 3 . 5 - 4 . 0 0 . 4 - 1 . 1 3 .1—4.0 
myofibr i l 3 6 - 8 4.5—5.0 1.5—2.0 3 .1—4.5 
* T h e a d s o r b e d P c o n t e n t is no t i nvo lved . 
could be o b t a i n e d t ha t d id n o t go grey in t h e air; at t h e end of the isola t ion 
the prote in va lue de t e rmined from t h e Kje ldah l N - c o n t e n t of t h e ini t ia l 
mater ia l (881 mg) corresponded to the g rav imet r i c va lue of myosin (884 mg). 
The g rav imet r i c value of t h e substances ex t r ac t ed and collected d u r i n g th is 
period was 320 mg (38 per cent ) af ter concen t ra t ion . Owing to what h a s been 
said above, on ly methods b y which myos in can be s e p a r a t e d into i t s sub-
units and suff ic ient a m o u n t s of mater ia l ob ta ined for ana lys i s are considered 
suitable for t h e de te rmina t ion of the l ipid a n d phosphorus content of m y o s i n . 
The a u t h o r s ob ta ined good results du r ing previous studies ( F A Z E K A S et 
al. 1 9 7 1 ) w i t h the m e t h o d of B A R I L et al. ( 1 9 6 6 ) m e n t i o n e d in the m e t h o d o -
logical p a r t of this pape r ; a f t e r some modi f ica t ion myos in can he s e p a r a t e d 
by this m e t h o d into 4 — 5 prote in f r a c t i o n s and at l eas t 2 lipid f r ac t i ons . 
Table 1 shows the myosin f rac t ions s e p a r a t e d by this m e t h o d and p r e s e n t s 
the e luents used . 
* Dia lys i s w a s a lways ca r r i ed out b y u s i n g dialysing m e m b r a n e s and s t r ings boi led 
in 5 per c e n t N a H C 0 3 so lut ion a n d washed o u t i n distilled w a t e r . 
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Table 2 
Distribution of myosin fractions from rabbit skeletal muscle 
when chromatographed on DEAE-cellulose column 
Fractions E,„ J % Eaeo/Eseo 
I 1— 56 84 25.7 1.68 
l a 57—102 37 11.3 1.53 
I I 103—146 45.06 13.8 1.42 
I I I 156—168 35.95 11.0 1.80 
I V 201—246 65.83 20.2 1.44 
V 249—260 4.74 1.45 1.04 
V I 261 — 283 23.82 7.65 0.74 
V I I 284—291 15.31 4.65 0.70 
Recovery 311.8 95.6 
On t h e co lumn 327.8 100.0 1.28 
Table 2 shows the pe r cen t age d i s t r ibu t ion of chromatograph ic myos in 
f rac t ions , t he percentage r ecove ry , and t h e quot ien ts E 2 8 0 /E 2 6 0 . 
The v a l u e of the pe r cen t age recovery of the myos in fract ions p roves 
t h e correct select ion of t h e ion exchanging and elution solutions. F ig . 1 
shows tha t t h e curve of f r a c t i o n s У and V I drawn on t h e basis of op t i ca l 
dens i ty measu red a t 260 mil l imicron is r eve r sed , and is m u c h higher t h a n t h e 
va lue of E2 8 0 . F rac t ions У a n d VI are b iu re t negat ive, op t ica l ly tu rb id , a n d 
t he i r amounts r ange be tween 13 and 20 pe r cent in the d i f fe rent p r e p a r a -
t ions . These subs tances are m a i n l y of a l ipid na tu re , m a d e impure b y s o m e 
R N A . As t h e y d id not s t r i c t ly belong to t h e myosin molecules and could be 
separa ted f r o m t h e m on an ion exchanging co lumn, t hey were not s u b j e c t e d 
t o thorougher examina t ion . I f prior to c h r o m a t o g r a p h y t h e myosin was gel 
f i l t r a t ed on a Sephadex G 200 column, t h e f ract ions V a n d VI were con-
siderably r e d u c e d . 
The o t h e r fract ions a re proteins. T h e proport ions of the ind iv idua l 
f ract ions seen in the f igure v a r y to some e x t e n t f rom p repa ra t ion to p r e p -
ara t ion , thus showing t h a t t h e classical myos in is he te rogeneous . All f r a c -
t ions display adenos ine- t r iphospha tase ac t i v i t y , and — w i t h the except ion of 
f ract ion I I I — some Cholinesterase and AMP-deaminase a c t i v i t y of v a r y i n g 
in tensi ty . T a b l e 3 presents t h e enzyme ac t iv i t i es of the f rac t ions . 
The d a t a included in T a b l e 3 are the m e a n values of t h e enzyme ac t iv i t ies 
measured in f i v e p repara t ions . In many cases f ract ion l a is small , and a la rge 
proport ion of Cholinesterase a n d AMP-deaminase a c t i v i t y is found in f r a c -
t ion I . I t s h o u l d be men t ioned here t ha t f r ac t ion IV a p p e a r e d in some cases 
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Fig. 1. C h r o m a t o g r a p h y of t h e u l t r a c e n t r i f u g e d a n d p y r o p h o s p h a t e equ i l i b ra t ed m y o s i n on 
D E A E - c e l l u l o s e co lumn. 6 .2 m l f r ac t ions co l l ec ted 
Table 3 
Enzyme activity in the different fractions 
E n z y m e activity 
Fract ions 
о 
I l a I I i n IV V V I 
ATP-ase*/ (mol P i /mg/min . 0 . 1 5 - 0 . 2 0.07 0.07 0.20 0 .31 0.26 — 
Cholinesterase*** fig ac 
ch /mg/h 0.48 58 120 44 0 22 — — 
AMP-deaminase** jig 
N / m g / h 1237 492 1289 400 0 60 20 
— 
* H O L L A N D — P E R R Y ( 1 9 6 9 ) 
* * H E S T H I N ( 1 9 4 9 ) 
*** Ness le r — N H 3 d e t e r m i n a t i o n a f t e r Ács—HERMANN (1949) 
as th ree n o t readily s epa ra t i ng peaks, a n d the ATP-ase ac t iv i ty of t h e peaks 
was 0.30, 0.24 and 0.32 respect ively. 
In t h e course of pur i f ica t ion t h e E280/E2C0 q u o t i e n t of the ind iv idua l 
f rac t ions measured a t p H 7.2 general ly increases, while in the case of t h e 
non-pro te in fract ions of У and VI decreases, as seen in Tab le 4. 
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Table 4 
Quotient of E2SJE2eo in fractions separated on DEAE-cellulose column 
N u m b e r of 




0 fract ion 
I l a i l i n IV V VI 
130 1.18 1.36 1.87 1.87 1.48 0.86 0.77 
131 1.12 1.48 1.53 1.42 1.77 1.44 0.80 0.70 
132 1.11 1.26 — 1.27 1.76 1.44 0.70 0.64 




 values of fraction 0 and the separated fraction by mg/ml concentration (pH 7) 
N o . 
F rac t ions 
0 I la и in IV 
130 0 .572 0.700 0.515 0.593 0 .590 0.582 
131 — 0.600 0.430 0.638 0 .585 0.570 
132 0 .540 0.497 0.250 0.636 0 .565 0.632 
134 0 .585 0.712 0.300 0.628 0 .580 0.601 
Frac t ions I — IV have charac ter i s t ic UV spect ra , Fig. 2 (a - f ) and difference 
ext inct ion s p e c t r a . I t is known t h a t myosin h a s a character less , f l a t spec t rum, 
which in the course of pur i f i ca t ion by cyclic precipi ta t ion becomes more a n d 
more charac te r i s t ic of p ro t e in s ( L O W E Y 1 9 6 5 ) . T h a t is w h y it seems w o r t h 
present ing t h e spectra a n d difference ex t inc t ion spectra of f ract ions w i th 
0.5 M present . 
According to YOUNG (1967) the absorp t ion value a t 280 n m charac te r -
ist ic of myosin concent ra t ion is = 0.540 m l / m g (pH 7.0). Th i s va lue was f o u n d 
to be £ = 0.56 ml/mg (7.0 p H ) by S M A L L E R — FINEBERG (1964), e = 0.572 
E2 7 8—E3 2 0 m l / m g (pH 7.0) a n d e = 0.636 E, g o —E 3 4 0 m l / m g (pH 13) b y 
M I H Á L Y I — R O W E (1966) respec t ive ly . W i t h the au thors ' p repara t ions th i s 
va lue (e = 0.540—0.585 E 2 8 0 ml/mg) is character is t ic m o s t l y of f ract ion 0 
before the c h r o m a t o g r a p h y b y the D E A E column, while in the separa ted 
f rac t ions h igh ly differs f rom th i s , as seen in Table 5. 
The a u t h o r s cited d e d u c t e d absorpt ion originating f r o m light dispersion 
f r o m the charac te r i s t ic va lues ; in the expe r imen t s r epo r t ed in this p a p e r 
t h i s was negligible. 
H o m o g e n e i t y examina t ions of myosin f ract ions were per formed w i t h 
Polyacry lamide gel used in a w a y described in the methodological p a r t of 
t h e paper . F ig . 3 shows the n o n - c h r o m a t o g r a p h e d control f rac t ion ba lanced 
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in p y r o p h o s p h a t e b u f f e r , and f rac t ions I I , I I I and IV. The concen t r a t ed f rac-
t ion of I , and f rac t ion l a — not shown by the f i gu re — are h ighly hetero-
geneous suggesting t h e presence of a t least four or f ive proteins . 
T h e number of pro te ins sugges ted electrophoret ical ly to be p re sen t in 
the v a r i o u s fract ions a r e : 4 in the cont ro l , 2 in f r ac t i on I I ,* 3 in f r ac t ion IV, 


















0 , 1 
* mos t ly is single one 
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u l t r aeen t r i fuged myosin f r ac t ion do not enter the gel. On the basis of spectro-
pho tome t r i c measu remen t s f r ac t i ons Y and VI or ig inat ing f rom myos in , amount 
t o 12 — 20 per cen t , b u t g rav imet r i c measurement shows higher va lues t han t h a t . 
The p ro te in f rac t ions were subsequent ly dialysed aga ins t 0.5 M KCl 
solut ion, and t h e low molecular weight subs tances measured spectropho-
tomet r ica l ly . A f t e r the th i rd change the absorpt ion of the subs tances found in 
t h e dialysing solut ion was ins igni f icant , therefore the prote in f rac t ions were 
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dialysed ion- f ree against dist i l led water. T a b l e 6 contains t h e values of s u b -
stances de t ec t ed b y spectropl iotometr ic m e a s u r e m e n t . 
The subs tances o b t a i n e d — when concen t ra t ed , e x t r a c t e d f r o m t h e 
solution and concen t ra ted f r o m the lipid so lven t — are yel low oily res idues . 
F rac t ions dialysed ion-f ree do n o t , supposedly, release fu r the r low 
molecular we igh t subs tances . Therefore t h e aqueous solut ions of protein f r a c -
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Fig. 2. S p e c t r a a n d d i f ference e x t i n c t i o n s p e c t r a of myos in f r a c t i o n s f r o m D E A E - c e l l u l o s e 
c o l u m n 
Table 6 
E.jjo* value of lou-molecular weight substances released from chromatographed fractions, as related 
to 100 g protein 
No. I l a и I I I I V v 
130 100 : 120 100 : 40 100 : 66 100 : 41 100 : 19 100 : 88 
131 100 : 50 
— 
100 : 50 100 : 35 100 : 25 
— 
* T h e E 2 8 u va lue m e a n s n o c o n c e n t r a t i o n a n d c a n n o t be e x p r e s s e d in m g v a l u e d u e 
t o the i n c o m p l e t e a u t o o x i d a t i o n . 
m e t h o d s 
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t ions were e x t r a c t e d three t imes with a m i x t u r e of Chi : M e O H (2 : 1) a n d 
concent ra ted . Residues t h u s obta ined are considered closely bound l ip ids . 
T h e ex t rac ted prote in f r ac t ions and the l ight yellow oil l e f t behind were s u b -
jec ted to g rav imet r ic m e a s u r e m e n t . The resu l t s are c o n t a i n e d in Tab le 7 . 
The lipid obta ined f r o m fract ions I — I V is only half a d rop of light ye l -
low oil. The ques t ion has a r i sen whether i t is no t the impur i t i e s of the l ip id 
solvent t h a t are concen t r a t ed during the p repa ra t ion . T h e problem can b e 
decided b y t h e following: 1. T h e use of any k i n d of lubr ican t has been avo ided 
Table 7 
Ratio of protein to lipid in dialysed and ion-free myosin fractions 
mg protein : mg lipid 
No. 
Frac t ions 
0 I I I i n IV 
P : L P L P : L P : L P L 
131 75 25 85 : 15 86 : 14 87 13 
132 888 : 318 50.8 50 65 : 35 91 : 9 78.4 21 
in the expe r imen t s for years ; 2. when concen t ra t ing the l ipid solvents emp loyed 
no residue was obta ined; 3. t h e substances obtained were checked a t t h e 
In s t i t u t e of Organic C h e m i s t r y of the E ö t v ö s Loránd Univers i ty b y a n 
I R spec t rophotomete r aga ins t chloroform, a n d the Vmax ( c m - 1 ) values were 
found ident ical wi th a s l ight deviat ion, as described in t h e case of a c t i n e 
( F A Z E K A S et a l . 1 9 7 2 ) . 
After a gravimetr ic de te rmina t ion t h e protein res idues — supposed ly 
lipid-free — were reduced t o ashes and the i r phosphorus c o n t e n t de t e rmined . 
T h e results a re shown in T a b l e 8. 
The d a t a show t h a t t h e control con ta ins a relat ively s t eady a m o u n t of 
phosphorus . T h e phosphorus conten t in f r ac t i ons I I and I I I is not c h a n g e d 
essentially b y e i ther c h r o m a t o g r a p h y , or dia lys is or e x t r a c t i o n . All f r a c t i o n s 
have higher phosphorus c o n t e n t s than myos in of any o the r origin, or p r o d u c e d 
b y any m e t h o d described in Table 1. The myos in and i t s f ract ions o b t a i n e d 
th rough c h r o m a t o g r a p h y a b s o r b phosphorus f rom the p y r o p h o s p h a t e b u f f e r 
applied in t h e procedure, wh ich cannot be removed e i ther b y pur i f icat ion or 
b y any o the r technique , on ly adjus ted t o a charac ter i s t ic concen t ra t ion . 
Lipids ob ta ined by dia lys is from u l t r acen t r i fuged myos in can be s epa -
r a t ed on silica gel slabs i n t o six or seven f rac t ions at l eas t (Fig. 4). 
The lipids of ch roma tog raphed myos ins display t w o or three f r a c t i o n s 
and even more in an o x i d a t e d s ta te when t h e i r localization on the silica gel 
slab also changes (Figs 5, 6). 
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Table 8 
Phosphorus content of lipid-free myosin fractions, 
g atom Pi/5x105 g protein 
N o 
Frac t ions 
0« I l a и H I IV 
130 8.8 8.3 11.4 8.88 16.8 
131 8.8 1.5 8.7 11.6 8.65 9.9 
132 9.2 2.0 
— 
10.5 9.22 10.99 
* F r a c t i o n 0 means t h e phosphorus c o n t e n t of the control p r io r to c h r o m a t o g r a p h i c 
separa t ion. 
Fig. 4. Th in - l aye r c h r o m a t o g r a p h y of lipids of u l t r acen t r i fuga t ed a n d dialysed m y o s i n on 
silica gel p l a t e b y CUZNER-DAVISON (1966). D e v e l o p e d with C h l - M e O H - 2 8 % N H 3 (17 : 7 : 1, 
v/v/v). 1.2 l ip id f ract ions i m m e d i a t e l y isolated, 3.4 lipid fract ions a f t e r par t ia l au toox ida t i on . 
P A p h o s p h a t i c acid, LC l y sophospha tyd i l choline, Ps phosphatydi l ser ine, SP sphingomyel in , 
PC p h o s p h a t y d i l choline, P E p h o s p h a t y d i l e t hano l amine , PO perox id ized lipid, N L neu t ra l 
l ip id , par t ia l ly oxidized lipid 
1
 - e — e e — o -
1 1 3 4 
Fig. 5. Th in - l aye r c h r o m a t o g r a p h y of lipids f r o m chromatographed myosin , I I , I I I f r ac t i ons 
by SKIPSKI et al. (1963). Developed wi th I. Ch l -MeOH-ace t i c a c i d - w a t e r (50 : 25 : 7 : 3, v /v /v /v ) , 
I I . n -hexane -d i e thy l e the r - ace t i c acid (90 : 50 : 5 v/v/v). L a t t e r as Fig. 4 
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Fig. 6. C h r o m a t o g r a p h y of l i p i d s f r o m c h r o m a t o g r a p h e d myos in b y WAGNER el al. (1961) . 
Developed w i t h C h l - M e O H - w a t e r (6 .5 : 2.5 : 0 .4 , b y vo lume) . D e t e c t e d b y e s t e r - b o u n d r eac -
t ion fol lowed b y spray ing 1 0 % p h o s p h o m o l y b d e n i c ac id r e a g e n t o r i o d i n e v a p o u r . 1 P C con-
t ro l , 2, 3, 4 lipids f r o m m y o s i n in t u r n a b o u t 25, 55, 100 / rg, 5 P E cont ro l 
Discussion 
E f f o r t s had been m a d e earlier to de te rmine the phospho rus c o n t e n t of 
myosin. L A J T H A ( 1 9 4 8 ) o b t a i n e d a less t h a n 1 g a tom P / M result wi th ac to-
myosin. B R A H M S — R Z Y S K O ( 1 9 5 9 ) found t h a t in the r a b b i t heavy meromyos in 
anorganic phosphorus was present wh ich in the course of ATP sp l i t t i ng 
increased a n d reached a m a x i m u m . S Z Ö R É N Y I ( 1 9 5 1 ) a n d W E B E R — H A S S E L -
BACH ( 1 9 5 4 ) also s ta r ted inves t iga t ions in the sub jec t . On the g r o u n d of 
their resu l t s t hey assumed the existence of a phosphor i l a t ed i n t e r m e d i a t e 
and research was s ta r ted t o f i n d it . G E R G E L Y — M A R U Y A M A ( 1 9 6 0 ) f o u n d m o r e 
t han 1 g a t o m anorganic phosphorus , a n d in the presence of 10 mM A T P as 
much as 5 g a tom phospho rus in 1 0 6 g myos in , while K I N O S H I T A et al. ( 1 9 6 9 ) 
even de te rmined a 1 0 — 2 0 g a tom phosphorus conten t a f t e r the enzyme ac-
t iv i ty . B o t h o r t h o p h o s p h a t e and A D P and ATP b i n d i n g were observed in 
myosin. I n th is context exhaus t ive summar iza t ion is g iven by D R E I Z E N — 
GERSMAN ( 1 9 7 0 ) . It. can be seen tha t t h e concept of t h e absolute p h o s p h o r u s 
content in myosin is i n t e rwoven with t h e phosphorus c o n t e n t released d u r i n g 
the enzyme act iv i ty . P r e p a r a t i o n s wi th t h e least possible phosphorus c o n t e n t 
can be o b t a i n e d by ch romatograph ic pur i f i ca t ion and subsequen t d ia lysa t ion 
against 0.5 M KCl. F inck ' s myosin shows min imum phospho rus con ten t even 
wi thout c h r o m a t o g r a p h y . D a t a included in Table 4 and 8 are meant t o show 
the phosphorus content developed as a func t ion of t h e condit ions of p r ep -
ara t ion, while myosin f r ac t i ons sepa ra t ed on the DEAE-cel lu lose to show 
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fu r the r p h o s p h o r u s surpluses bound f rom t h e p y r o p h o s p h a t e buffer . N A U S et 
al. (1969) f o u n d tha t in a Tr is-HCl bu f f e r myosin binds t h e py rophospha t e 
t h e best , whi le in a p h o s p h a t e buffer it is more or less d r iven out depend ing 
on the p h o s p h a t e concen t ra t ion , and at a phospha te concen t ra t ion of 50 mM, 
a t p H 7.0 h a r d l y any p y r o p h o s p h a t e is b o u n d . Data do n o t give in fo rma t ion 
abou t the w a y how p h o s p h a t e is bound . 
We t h i n k , the ac tua l phosphorus c o n t e n t of myos in depends no t on ly 
on the nuc leo t ide conten t , b u t also on t h e phospha te -es te r forming p ro t e in 
kinase a c t i v i t y . P E R R I E — S M I L L I E — P E R R Y (1972) found t h a t the one of t h e 
myosin l igh t component (ML.,) is such a phosphory la ted p ro te in . 
The l ip id content of myos in was f o u n d to be 3 — 4 pe r cent by L Y N N 
(1965) who no t i ced t ha t i ts r emova l increased the s tab i l i ty of myosin. Accord-
ing to the a u t h o r s ' expe r imen t s the lipid con t en t of m y o s i n is much h igher 
t h a n this, a n d b y a single e x t r a c t i o n only l ipids loosely l inked with the myos in 
can be r e m o v e d . In the course of pur i f ica t ion by cyclic p rec ip i t a t ion t h e l ipids 
prec ip i ta te toge the r with t h e myosin. Dialysis is considered a be t te r m e t h o d 
for removing t h e lipids, as u n d e r its in f luence t h a t par t of t h e lipids is re leased 
which t akes p a r t in fo rming the aggregate . 
The a m o u n t of b iu re t negat ive c o m p o n e n t s re leased in the d ia lys ing 
solution c a n be followed b y p h o t o m e t r y a n d recovered b y ex t rac t ion . U n -
fo r tuna t e ly , even so, owing to the au toox ida t ion the m e t h o d is only su i t ab le 
for ob ta in ing a qual i ta t ive p ic ture . The myosin of which t h e lipid c o n t e n t 
has been r e d u c e d by u l t r acen t r i fug ing a n d dialysing can be separa ted on a 
DEAE-ce l lu lose column i n t o a t least s ix f ract ions. The measur ing of t h e 
enzyme a c t i v i t y of the f r a c t i o n s and i ts e lectrophoret ic con t ro l show t h a t 
only one o r t w o fract ions c a n be found t h a t are homogeneous both e n z y m a t -
ically and e lec t rophore t ica l ly . 33 per cent of t h e ATP-ase a c t i v i t y is con ta ined 
in fract ion I I I , 25 per cent in f ract ion IV, 12 per cent in f r a c t i o n I , 5 p e r c e n t 
in f ract ion l a , and the res t is d i s t r ibu ted a m o n g the o the r f ract ions . 
F r a c t i o n s V and VI a re not w o r t h too much men t ion ing . When gel 
f i l t r a t ed on a Sephadex G 200 column before being s e p a r a t e d on the D E A E -
cellulose c o l u m n the two f r ac t ions are considerably r educed . Both f r ac t ions 
contain m u c h f a t t y acid. 
F r a c t i o n s obtained b y c h r o m a t o g r a p h y release l ipids during the KCl 
dialysis, moreove r , in the d ia lysed f rac t ions fu r the r lipid c o n t e n t s were f o u n d , 
a little l ight yellow oil i so la ted . This smal l amount of l ip id is wor th be ing 
subjected t o f u r t h e r e x a m i n a t i o n , since i t is probable t h a t myosin has indi-
vidual lipid con ten t well dis t inguished f r o m t h a t of myof ibr i l s . 
E x a m i n a t i o n s concerning the myosin suggest a two-s ided he terogenei ty , 
f rom the p o i n t of view of p ro te ins on the one hand, and l ip id content , on t h e 
other , i n a s m u c h as the small a m o u n t of l ipid present may t a k e pa r t in develop-
ing the s t r u c t u r e of myosin . 
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In the a u t h o r s ' expe r imen t s an explana t ion is found to L O W E Y ' S ( 1 9 6 5 ) 
obse rva t ions accord ing to wh ich myosin pur i f i ed by a single precipi ta t ion 
gives no difference spec t rum, while a f t e r repeated precipi ta t ions gives a spec t rum 
charac ter i s t ic of prote ins , f rom which a difference spec t rum can be ob ta ined . 
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PROTON MAGNETIC RESONANCE STUDIES 
ON VEGETABLE OILS AND SEEDS 
By 
L . T O L N A Y , K . T O M P A 
C E N T R A L R E S E A R C H INSTITUTE F O R P H Y S I C S , H U N G A R I A N ACADEMY OF S C I E N C E S , B U D A P E S T 
P r o t o n magne t i c r e s o n a n c e was m e a s u r e d in seeds and e x t r a c t e d oils of t h r e e 
oil p l an t s b y m e a n s of a w i d e - l i n e nuclear m a g n e t i c resonance ( N M R ) s p e c t r o m e t e r . 
N M R s p e c t r o s c o p y is able t o s e p a r a t e the N M R s p e c t r u m of p r o t o n s in solids ( e .g . 
cellulose) a n d t h a t in l iquid — o r solid fa ts . T h e a p p a r a t u s is s e n s i t i v e enough to p e r -
f o r m m e a s u r e m e n t on a s ingle s eed wi th s u f f i c i e n t l y high s igna l - to -no i se rat io . F r e e 
w a t e r c o n t e n t does no t p e r t u r b t h e m e a s u r e m e n t s of the oil c o n t e n t . 
Introduction 
Applicat ion of the pro ton N M R (hereaf te r PMR) m e a s u r i n g techn ique 
in agr icul tura l r esea rch and p l a n t breeding has a l ready been r e p o r t e d ( T O L N A Y 
1971). The p re sen t paper wishes t o show how t h e wide-line N M R appa ra tu s , 
cons t ruc t ed to s t u d y the phys ica l problems of solids in the C e n t r a l Research 
I n s t i t u t e for Phys ics , can be u s e d for the q u a n t i t a t i v e de t e rmina t ion of oil 
c o n t e n t in in t ac t p l a n t seeds. W e wanted to see whether t h e resolving power 
of t h e a p p a r a t u s is sufficient t o distinguish p ro tons in d i f f e r e n t chemical 
env i ronmen t s , a n d whether t h e sensi t ivi ty of t h e appara tus is sufficient t o 
s t u d y a single seed. 
The physical principles of P M R are wel l -known. The w o r k s c i ted (LÖSCHE 
1 9 5 7 , KITTEL 1 9 6 6 ) provide su f f i c i en t in fo rmat ion . Organic chemica l applica-
t ion of this t e c h n i q u e was r e p o r t e d by H O P K I N S — B E R N S T E I N ( 1 9 5 9 ) . W a t e r 
c o n t e n t was de t e rmined by S H A W ( 1 9 5 0 ) measur ing P M R signal. Again 
H O P K I N S ( 1 9 6 1 ) g a v e account of h is de te rmin ing t h e oil c o n t e n t s of seeds b y 
us ing a wide-line NMR a p p a r a t u s . De te rmin ing the oil c o n t e n t s of i n t ac t 
seeds C O N W A Y — E A R L E ( 1 9 6 3 ) d r i e d the seeds f o r f i f t y hours a t 5 0 ° C . I t was 
a f t e r d ry ing t h a t t h e y took the P M R spectra of oils. The t o t a l oil content was 
ca l cu l a t ed f rom t h e spectra. T h e shape of the P M R signal o b t a i n e d depends 
on t h e composi t ion a n d sa tura t ion of the oil, a n d on the a m o u n t of oxygenized 
acids . The au thors computed t h e hydrogen con t en t s of the i n d i v i d u a l vegetable 
oils. T h e calculated a n d measured values are in agreement . I n H u n g a r y th i s 
t y p e of P M R s ignal was detected on a maize g ra in , f i rs t in 1 9 6 8 (TOMPA 1 9 6 8 ) . 
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Material and Method 
The wide-l ine NMR a p p a r a t u s used was developed in t h e Labora to ry of Solid Sta te 
Physics a t t he Central Research I n s t i t u t e for P h y s i c s to study t h e special problems of solids. 
A detailed descr ipt ion of t h e a p p a r a t u s can be f o u n d in a p a p e r of TOMPA—TÓTH (1963). 
The present measurement s were done in a m a g n e t i c field of 4500 G a u s s , the modu la t i on field 
in tens i ty was be tween 0.4 Gaus s , and 1.0 Gauss . 
P l a n t samples were p laced in to a glass t u b e of 10 mm in d i a m e t e r and put in to t h e detec-
tor . The d i a m e t e r of the d e t e c t o r ' s sensitive v o l u m e was 12 m m , while its l eng th 15 mm. 
The samples were marked as fo l lows: 1/a sunf lower cooking oil; 1 /b r a p e cooking oil; 1/c soy-
bean oil e x t r a c t e d with p e t r o l e u m ether ; 2/a sun f lower seed ( a i r -d ry ) ; 2/b rape seed (a i r -dry) ; 
2/c soybean (a i r -dry) ; 3/a a s ingle seed of s u n f l o w e r (dried); 3 / b oil-free g roa t s of sun-
f lower seeds. 
Dry ing was carried o u t in a vacuum desiccator at 50 °C over 72 hours . Measure-
men t s were pe r fo rmed at 20 °C. 
Results 
P M R curves o b t a i n e d on vegetable oil extracts a n d seeds are p re sen ted 
in Figs 1, 2 and 3. T h e curves are t h e f i rs t de r iva t e s of the P M R signal. 
The wid th of the absorp t ion PMR signal is defined as t h e distance of peaks 
on the de r iva t ive signal. 
Fig. 1. De r iva t i ve of the P M R signal with r e s p e c t to the m a g n e t i c f ie lddntensi ty , in sunflower 
oil (a), r a p e oil (b), s o y b e a n oil ex t r ac ted w i t h pe t ro leum e t h e r Дс). M o d u l a t i o n field 
in tens i ty 0.4 Gauss 
Discussion 
Spec t r a seen in F i g . 1 unequivoca l ly show t h a t in the cases of 1/b and 
1/c the P M R spect rum is formed b y two PMR s igna ls superposed on each 
other . T h e wider (1.5 Gauss) P M R s ignal was s u p e r p o n e d by t h e na r rower 
(0.5 Gauss) PMR signal . The two der iva t ive spectra c u t the base l ine in one 
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Fig. 2. D e r i v a t i v e of the P M R signal with r e s p e c t to the m a g n e t i c field i n t e n s i t y , in 
sunflower seed (a) , rape seed (b) and soybean (c). Modulation f i e ld in tens i ty 1.0 G a u s s 
Fig. 3. D e r i v a t i v e of the P M R signal with r e s p e c t to the magne t i c fieid in tens i ty , w i t h 
a single seed of sunflower (a), oil-free groats of sunf lower seeds (b) used . Modulat ion f ie ld 
in tens i ty 1.0 G a u s s 
point . In t h e case of 1/a t h e r e is only one absorpt ion s ignal . I t is poss ib le 
t h a t in case of applying a lower intensi ty of modulat ion f ie ld the signal of t h e 
sunflower oil would have b e e n resolved t o o . The d i f fe ren t forms of s ignals 
can be t r a c e d back to differences in f a t t y acid composi t ion between t h e 
various oils. 
Curves in Fig. 2 show t h a t protons in oils (the w i d t h of the s ignal is 
4.5 Gauss) a n d those in o the r substances, e .g. cellulose ( the w i d t h of the s igna l 
is 18 Gauss) h a v e essentially different chemica l env i ronments . As a conclusion 
the detect ion of t h e PMR signals is an a d e q u a t e method to de termine t h e oil 
content of i n t a c t plant seeds. 
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Fig. 3/b shows t h a t t h e nar rower (4.5 Gauss) c o m p o n e n t of curves seen 
in Fig. 2 rea l ly originates f r o m protons in t h e oil. I t p roves , besides, t h a t t h e 
ext rac t ion is n o t of 100 per cen t . 
Fig. 3/a suggests t h a t t h e a p p a r a t u s is suitable t o de tec t the N M R 
signals of p r o t o n s in a single seed, a t a s ignal/noise ra t io of 14/1. 
I t m u s t he emphasized — though Figs 1 and 2 clearly show — t h a t t h e 
correct de t e rmina t ion of t h e in tens i ty of t h e modula t ion f i e ld is an essen t ia l 
aspect of measu r ing technics . The width of signal is p a r t l y a funct ion of t h e 
modula t ion f i e ld in tens i ty . I t is desirable t o perform pre l iminary m e a s u r e -
men t s to de t e rmine the m o s t favourable v a l u e of field in tens i ty , a t w h i c h 
signal/noise r a t i o and resolving power are op t ima l . Low in t ens i ty m o d u l a t i o n 
f ield improves t h e resolut ion, the na r row oil lines superposed to t h e w i d e 
line of cellulose become a p p a r e n t , while t h e line of the cellulose occasional ly 
disappears . I n case of a h igh in tensi ty modu la t ion f ie ld t h e signal of t h e 
cellulose is c lear ly seen, b u t t h e PMR s igna l or iginat ing f r o m the oil d is-
appears . 
The f a c t t h a t no d i f fe rence was f o u n d between t h e signal (2/a) of a i r -
d ry seeds (10 — 12 per cent mois ture c o n t e n t ) and the s ignal (3/a) of d r i ed 
seeds proves t h a t wi th t h e resolving power applied f ree w a t e r con ten t does 
no t affect t h e measur ing of t h e oil con ten t . This was to be expected, as t h e 
P M R signal of wa te r p ro tons is na r rower b y several o rders of m a g n i t u d e 
t h a n the s ignals detected b y us. The l a t t e r proves t h a t in the na tu r a l s t a t e 
of the seed measur ing gives in format ion on t h e oil con ten t . 
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SPECIES OF THE BRASSICA GENUS 
DISTINGUISHED BY THE PHOTOMETRIC STUDY 
OF THE COLOUR SUBSTANCE COMPLEX 
IN THE SEED 
By 
E . P A P P 
I N S T I T U T E OF A G R O B O T A N Y , TÁPIÓSZELE 
I n the Brassica g e n u s the c o l o u r subs t ance c o m p l e x of the seeds v a r i e s f r o m 
spec ies to species. I n a 1.5 molal s o l u t i o n of N a O H the c o l o u r subs tance d i s s o l v e d wi th 
v a r i o u s colours. T h e r e w a s no d i f f e r e n c e in the colour of f luorescence b e t w e e n the 
s o l u t i o n s and the s e e d s soaked, b u t t h e colour of t h e s o l u t i o n s was d i f f e r e n t when 
l o o k e d a t in d a y l i g h t . T h e colour of t h e solut ions cou ld b e d is t inguished e v e n more 
a c c u r a t e l y on c u r v e s p r e p a r e d by s p e c t r o p h o t o m e t r y . O n t h e basis of t h e co lou r s of 
t h e so lu t ions and t h e c u r v e s the spec ies a n d variet ies s t u d i e d can be c lass i f i ed in to 
g r o u p s . On the b a s i s of t h e colours a n d s p e c t r o p h o t o m e t r y curves of t h e so lu t ions 
m e n t i o n e d the species a n d var ie t ies in t h e d i f fe ren t g r o u p s c a n be readi ly, w h i l e wi th in 
a g r o u p a p p r o x i m a t e l y ident i f ied . 
Introduction 
Seeds in the Brassica genus a re diff icul t to d i s t ingu ish by t r ad i t i ona l 
morphological ( B E R G G R E N 1 9 6 2 , M U S I L 1 9 4 8 , H O F S T E N 1 9 7 0 ) and cytological 
(SIKKA 1 9 4 0 ) me thods . Some species have identical chromosome n u m b e r s , 
therefore t h e species c a n only be i den t i f i ed by t h e morphological s t u d y of 
the soma t i c chromosomes (SIKKA 1 9 4 0 ) . The light a b s o r p t i o n of t h e solut ion 
made of t h e colour s u b s t a n c e of the seed wi th benzene a n d methanol showed 
differences between 460 a n d 700 mil l imicrons making B. oleracea v . capitata 
f. alba a n d f. rubra d is t inguishable . Fluorescence of t h e ex t rac t was s tud ied 
too ( S C H U P H A N 1 9 4 8 ) . W i t h similar m e t h o d s , on t h e bas i s of the so lu t ion of 
Carotinoides SCHUPHAN ( 1 9 4 9 ) was ab le t o separate t h e green and lilac coloured 
forms of B. oleracea v . gongyloides (caulorapa) too. S tud ies by B A T E - S M I T H 
( 1 9 4 8 ) a n d W E I N M A N ( 1 9 5 6 ) were bu i ld on the leuco-ant l iocyanin of t h e seed 
coat and colour subs t ances bound to the plast ides. VAUGHAN — D E N F O R D 
( 1 9 6 8 ) s epa ra t ed the Brassica and Sinapis species b y acrylamide gel electro-
phoresis. 
T h e invest igat ions ment ioned ra ise the question of species d i f fe r ing f rom 
each o t h e r in the colour subs tance of t h e seed. Colour subs tances were expec t ed 
to dissolve in a proper so lvent with v a r i o u s colours. T h e invest igat ions were 
aimed a t f ind ing the p r o p e r solvents a n d e laborat ing a simple m e t h o d by 
which t h e seeds can be ident if ied. 
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Material and Method 
The s ta r t ing exper iments were a imed at f inding t h e proper solvent . Chemicals tes ted 
were : K O H , N H 4 O H , Ca(OH)2, N a O H , H , 0 , N a H 2 P 0 4 , N a N 0 3 , N a C I 0 3 , methanol . Con-
cen t r a t i ons used were : 0.1 — 1.0—1.5 g r a m molecule solut ions . The m a t e r i a l studied was ; 
1. Brassica oleracea L. c o n v a r . acephala (DC) Alef . , field kale; 
2. Brassica oleracea L. c o n v a r . capitata (L.) Alef . v a r . capitata (L . ) Alef . f. rubra (L.) 
Thel l . , red cabbage ; 
3. Brassica oleracea L. convar . capitata (L.) Alef. f. alba DC., c o m m o n white cabbage; 
4. Brassica oleracea L. c o n v a r . capitata (L.) Alef . var . sabauda L . ( syn . var. bullata 
DC.) , savoy; 
5. Brassica oleracea L. c o n v a r . acephala (DC) Alef . var . gongyloides L. (syn. B. caulo-
rapa DC), koh l rab i ; 
6. Brassica oleracea L. c o n v a r . oleracea L. v a r . gemmifera DC., Brusse ls sprouts; 
7. Brassica pekinensis (Lour . ) R u p r . , Chinese c a b b a g e ; 
8. Brassica rapa (L.) Metzg. ssp. rapifera (Metzg . ) Alef., t u r n i p ; 
9. Brassica napus (L.) Metzg. v a r . napus f. annua (Schübl. et M a r t . ) Thell., rape, — 
spr ing —; 
10 Brassica napus (L ) Metzg. v a r . napus f. biennis (Schübl. e t M a r t . ) Thell., rape, — 
a u t u m n —; 
11. Brassica nigra (L.) Koch . , b lack mus ta rd ; 
12. Brassica juncea (L.) Czern. e t Coss., brown m u s t a r d ; 
13. Brassica rapa L. var . silvestris (Lam.) Briggs, f. campestris L . , l a t e turnip; 
14. Brassica carinata A. B r a u n , Abyssinian c a b b a g e . 
Varieties s t u d i e d : 
2. Hol land expor t , Langed i jnen Winter , Dansk e x p o r t . Früh d ä n i s c h Hunde rup P 62, 
D a u e r h a f t Amager T o f t o S 60; 
3. D i t m a r s c h e r extra f r ü h e r . Cot tage Prise D r u m h e a d , Amagerho f ; 
4. Ver tus , Eisenkopf W i r s i n g k o h l ; 
5. P r ague M a r k e t White, K n u d e k o h l , Wiener Weisser Treib, W i e n e r blauer Tre ib ; 
6. F r ü h Zwerg Tof to P 60, Hercules , Focus F l . , Amager, P o l a r s t e r jnen H u n d e r u p 
P 65; 
7. Chilii; 
9. Targe t , Gyllen, Regina; 
10. Allie. P a n t e r , Vestal, V ic to r , C.I.V. The seeds were obtained f r o m the S ta t s f rokon-
trolle, Copenhagen a n d f rom the Seed Producing a n d Supply ing E n t e r p r i s e , Budapest . 
A glass t u b e of 3 in mm d i a m e t e r and 0.3 cm 3 so lu t ion were used fo r t h e study of each 
seed. Fluorescence of the solution a f t e r it had dried was examined on a non-f luorescent f i l t e r 
p a p e r with an O s r a m I. 20 W/73 t y p e U V fluorescent t u b e . 
Pho tomet r i c de terminat ion w a s carried out u s ing 3 ml solution a n d 15 seeds. L ight 
absorp t ion was measu red with a B e c k m a n DB-G Gra t i ng spec t ropho tomete r , and the absorp-
t i on curve was p r e p a r e d immedia te ly b y a W + W elec t ronic 2211 R e c o r d e r a t tached to t h e 
a p p a r a t u s . The examina t i on was p e r f o r m e d in T a a s t r u p (Denmark) . T h e t e s t s were repea ted 
in Budapes t wi th a MOM spec t ropho tomete r . Each m e a s u r i n g was r epea ted f o u r or five t imes . 
Colouration of the solutions b e g a n after one a n d a half hours, a n d t h e characterist ic 
colour developed in three hours. Colours became dark a f t e r 24—48 hour s . T h e colours were 
compared to the r a n g e of colours in t h e Colour Char t (London). The inves t iga t ion did n o t 
inc lude the chemica l analysis of t h e coloured solutions obta ined. 
Results 
1. Study on the fluorescence of solutions. The descr ibed solutions dis-
solved f luorescen t substances f r o m the seeds. T h e solution absorbed by t h e 
f i l t e r paper — a f t e r having d r i e d — fluoresced in the blue colour . In the 1.5 
molal solution of N a O H , excep t iona l ly , a yel lowish green colour w a s produced b y 
t h e crushed seeds , the cause of which was n o t inves t igated. 
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The in t ens i ty of f luorescence va r i ed according t o t h e concent ra t ion of 
the solut ions . Time (2 m o n t h s ) did no t a f f ec t the f luorescence of the p a p e r s . 
2. Study of coloured solutions in natural light. T h e colour s u b s t a n c e 
complex of t h e seeds dissolved the most per fec t ly and w i t h the most d i v e r g e n t 
colours in t h e 1.5 gram molecule so lu t ion of N a O H . A t t e m p t s were m a d e 
Fig. 1. 3 m m glass tubes con t a in ing various co lour seed e x t r a c t s in 0.3 ml 1.5 g r a m 
molecule N a O H . Species and var ie t ies s tudied: 1. Brassica oleracea cv . acephala; 2. В. oie• 
racea v. capitata f. rubra; 3. В. oleracea cv. capitata f. alba; 4. В. oleracea v. gemmifera; 5. В. 
pekinensis; 6. В. oleracea v. sabauda; 7. В. oleracea v. gongyloides ; 8. В. rapa ssp. rapifera; 
9. B. napus f. annua; 10. В. napas f. biennis; 11. В. nigra; 12. В. juncea; 13. В. rapa ssp. 
campestris 
to compare t h e colours of solutions w i t h those of the Colour Chart ( L o n d o n , 
1966).The colour of a l iquid can be c o m p a r e d to the solid colours of t h e colour 
chart only approx ima te ly . Results o b t a i n e d from the compar ison of colours 
after a 4 - h o u r s tanding of t h e solut ions: 
1. Brassica oleracea cv . acephala yellow orange 17/c 
2. Brassica oleracea v . capitata f. rubra yellow orange 14/d 
3. Brassica oleracea cv. capitata f . alba yellow orange 20/c 
6. Brassica oleracea v . gemmifera orange 24/d 
7. Brassica pekinensis yellow — 8/d 
4. Brassica oleracea v . sabauda orange 16/d 
5. Brassica oleracea v . gongyloides yellow orange 20/d 
8. Brassica rapa s sp . rapifera yellow 
— 
12/d 
9. Brassica napus f. annua yellow — 14/d 
10. Brassica napus f. biennis yellow 
— 
10/d 
11. Brassica nigra yellow 
— 
4/d 
12. Brassica juncea yellow 
— 
4/d 
13. Brassica rapa f . campestris yellow 
— 
10/d 
14. Brassica carinata yellow 
— 
10/c 
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Seeds of t h e f i rs t four species dissolved in shades of r e d . The seed solu-
t ions of B. oleracea v. sabauda and v. gongyloides were o r a n g e coloured. 
The co lour of solutions ob ta ined f r o m t h e seeds of B. napus f. annua 
and f. biennis w a s — while l i gh t e r — similar t o t h a t in the f o r m e r two species. 
T h e colour of seed ext rac ts f r o m B. rapa f . campestris a n d B. carinata w a s 
also similar t o the i r s . On t h e o t h e r hand, seed ext rac ts of B. nigra, B. juncea, 
В. pekinensis a n d B. rapa s sp . rapifera g a v e light yellow shades of co lour . 
Since t h e colour subs t ances of seeds in the d i f ferent Brassica species 
a n d varieties g a v e solutions of different co lours in the 1.5 gram molecule 
solution of N a O H , the colour of the so lu t ions could be u s e d — th rough a 
comparison w i t h a colour c h a r t — for the iden t i f i ca t ion of species and var ie t i es 
f r o m the seed. 
The m u s t a r d species ( В . nigra, B. juncea) as well as B. rapa ssp. rapi-
fera and B. pekinensis can b e easily d i s t inguished f rom all varieties of B. 
oleracea. F r o m t h e la t ter B. oleracea v. sabauda and B. oleracea v . gongyloides 
can also be d is t inguished. T h e colour of seed ex t rac t s f rom B. napus f. annua 
a n d f. biennis as well as f r o m B. rapa f. campestris is a s imilar — t h o u g h 
somewhat l i g h t e r — orange as t h a t in t h e t w o la t ter va r ie t i es of B. oleracea. 
W e were r a t h e r uncer ta in in dis t inguishing t h e varieties of B. oleracea : cv . 
acephala, v . capitata f . rubra a n d f. alba, v . gemmifera of w h i c h the seed ex -
t r ac t s showed r ed shades of colour , a l though there were s l igh t differences in 
t h e shades. 
3. Photometric measuring of light absorption by the solutions. Accord-
ing to the de scen t of the l igh t absorpt ion c u r v e s the species examined can b e 
divided in to t h r e e groups s imi la r ly to the d i s t r ibu t ion by co lour (red, o range , 
yellow). 
a) Var ie t i e s producing r ed solutions: B. oleracea c o n v a r . acephala, v . 
capitata f. alba and f. rubra, v . gemmifera, as well as B. oleracea v. sabauda 
which gives an orange solut ion have similar curves . The charac ter i s t ic p h a s e s 
of light t r ansmiss ion fall b e t w e e n the wave- leng ths of 740 — 680 and 560—480. 
Between t h e two m e n t i o n e d wave - l eng th intervals t he r e develops a 
relatively s t r a i g h t section. T h e r e is hardly a n y difference b e t w e e n the va r i e t i e s 
in the l ight t ransmiss ion v a l u e s of the s t r a i g h t sections. T h e y were m o r e 
different in t h e shade of t h e i r colour. 
On t h e cu rves of B. rapa ssp. rapifera and B. pekinensis two s t r a i g h t 
sections deve lop similarly t o t h e curves of t h e B. oleracea varieties. T h e i r 
l ight t ransmiss ion values a re higher in b o t h sections t han t h o s e of the o t h e r 
oleracea va r i e t i e s . 
The case of B. oleracea va r . gongyloides is except iona l . The curve of 
th is var ie ty is s t ra ight b e t w e e n the wave- leng ths of 740 a n d 680, but b e t w e e n 
those of 560 a n d 480 l ight t ransmission g radua l ly decreases . In bo th w a v e 
bands m e n t i o n e d the values of light t r ansmiss ion are h igher t h a n in the ca se 
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420 60 500 40 80 600 40 80 700 40 80 800 
90 
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4. " Po la r s t e r jnen 
Fig. 2. Light a b s o r p t i o n curves of colour substances i n 15 seeds p laced in 1.5 gram mole-
cule N a O H , as grouped b y t h e type of cu rve (variet ies of Brassica oleracea) 
of t h e other var ie t i es of B. oleracea. Thus , on the basis of t h e pho tome t r i c 
cu rve this v a r i e t y is different f r o m the res t ; i t s curve is m o r e like the c u r v e s 
of В. тара ssp . rapifera and B. pekinensis. 
b) On t h e spect ra l curves of the two f o r m s of B. napus i t is only b e t w e e n 
t h e wave- lengths of 740-640 micron t h a t a relat ively s t r a i g h t light t r a n s -
mission section develops, w i t h t h e other v a l u e s light t ransmiss ion g radua l ly 
decreases. T h u s t h e curve is s imilar to t h a t of B. oleracea v . gongyloides. 
c) The spec t r a l curves of B. nigra a n d B. juncea show a l ight t r a n s m i s -
sion of 96-88 p e r c e n t between t h e wave- lengths of 740 a n d 500 mil l imicrons, 
t h e n suddenly fa l l . As to the i r curves and co lours of solution these two species 
a re highly s imi lar to B. rapa ssp . rapifera. 
The B. rapa f. campestris has a s ingular absorpt ion curve . There is a 
s t r a igh t line b e t w e e n the wave- leng ths of 740 and 680 mil l imicrons, w i t h a 
68—82 percen t l ight t ransmiss ion value w h i c h later g r a d u a l l y decreases 
(Figs 2, 3, 4). 
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В nigra 8 i u n c e a 
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1 B.napus Allie 4 Victor 
2.f. biennis c.i:v 5. Panter 
3. Vestal 
420 60 500 40 80 600 40 80 700 4 0 80 800 
1. B.ol.V caulorapa; wiener Weisser Treib 1 В ol.v. c au lo r apa Wiener blauer Treib 
2. .. • Knudekohl 2 .B . -
Fig. 3. L igh t absorpt ion curves of colour s u b s t a n c e s in 15 seeds placed in 1.5 g r a m mole-
cule N a O H , as grouped by t h e t y p e of curve (B. napus f. annua, f. biennis, B. rapa s sp . rapi-
fera, B. pekinensis, B. oleracea v . gongyloides) 
В campest r is 
Fig. 4. L i g h t absorpt ion cu rves of colour s u b s t a n c e s in 15 seeds placed in 1.5 g r a m mole-
cule N a O H , as grouped by t h e t y p e of curve ( ß . nigra, B. juncea, В. rapa ssp. campestris) 
B. pek inens i s 
420 60 500 40 80 600 40 80 700 40 80 800 
В r a p a rap i fe ra 
420 60 500 40 80 600 40 80 700 40 80 800 
1. B . napus f. annue :Gy l l en 
2. R e g i n a 
3. Target 
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Conclusions 
T h e colour subs t ances of Brassica species a n d varieties d issolve in 
N a O H , a n d the colours of the solut ions are marked ly or slightly d i f f e r en t . 
The a b s o r b e d solution f luoresces in b l u e or yellow co lour . 
I n day l igh t the colours of the so lu t ions are so d i f fe ren t t h a t — af te r 
being c o m p a r e d to a co lour chart — t h e y can be used for the iden t i f i ca t ion 
of species a n d varieties. Between the r e d seed ext rac ts of the first f o u r B. ole-
racea va r i e t i e s there are h u t slight d i f fe rences in the s h a d e of the co lour . The 
solutions of B. oleracea v . sabauda and v . gongyloides a r e of orange s h a d e ; those 
of В. rapa f . campestris a n d the two f o r m s of B. napus h a v e the same colour. 
The l ight yellow solut ions of the m u s t a r d species: B. nigra, B. juncea, as 
well as t h o s e of B. pekinensis, B. rapa ssp. rapifera a r e easily d is t inguished 
f rom t h e f o r m e r ones. 
V A U G H A N — D E N F O R D ( 1 9 6 8 ) on t h e basis of t he i r s t u d y on t h e p ro te ins 
of the Brassica genus, a n d S I K K A ( 1 9 4 0 ) in the course of genetic researches 
pointed o u t t h a t B. napus, B. juncea a n d B. carinata a r e amphidip lo ids and 
the p a r e n t s are : B. rapa f . campestris, B. nigra and B. oleracea. Solut ions made 
of the colour substances of seeds in t h e amphidiploids e i t h e r resemble t h e seed 
ex t rac t of one of the p a r e n t s , or show an in te rmedia te colour. E .g . : 
B. rapa f. campestris X B. oleracea = B. napus 
orange r e d = o r ange solution 
B. nigra X B. rapa f. campestris — B. juncea 
light ye l low orange = l igh t yellow so lu t ion 
I n t h e former two species it can be seen t ha t t h e spectral c u r v e of B. 
napus is a t ransi t ion b e t w e e n the c u r v e types of B. rapa f. campestris and 
B. oleracea. 
Stud ies on the so lu t ions made of the colour subs tances of seeds in 
amphid ip lo ids and the i r pa ren t s are w o r t h being c o n t i n u e d . 
Inves t iga t ions concern ing a n u m b e r of Brassica species and var ie t ies 
are going on. 
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CLIMATIC MODEL FOR PHYTOTRON STUDIES 
By 
J . P L E T S E R 
AGROMETEOROLOGICAL OBSERVATORY OF T H E CENTRAL I N S T I T U T E OF ATMOSPHERE PHYSICS, 
MARTONVÁSÁR 
The a u t h o r presents the m a i n character is t ics of the phy to t ron u n d e r construc-
tion a t the Agr icu l tu ra l Research In s t i t u t e of t h e Hungar i an A c a d e m y of Sciences, 
Mar tonvásár . F o r t h e models of t h e climatic f a c t o r s controlled in t h e phy to t ron t h e 
cl imatic series of t h e Agrometeorological Obse rva to ry , Mar tonvásár a n d the Nat iona l 
In s t i t u t e of Meteorology, B u d a p e s t were used. T h e au tho r ' s m e t h o d : t h e adap ta t i on 
of t r igonometr ic func t ions is descr ibed in detail . Calculat ions were car r ied out w i t h 
a computer . Of t h e results the a n n u a l course of observat ions a t 7 a . m . and 1 p . m . 
represent ing t h e ex t r eme values, whi le of the daily courses J a n u a r y a n d J u n e represent-
ing — annual ly — similarly e x t r e m e values are p r e s e n t e d . The accuracy of the approach 
corresponds t o t h e a d j u s t m e n t of e lements p r o g r a m m a b l e in the p h y t o t r o n . 
Introduction 
The effects of phenomena of weather a n d cl imate on t h e growth a n d 
deve lopment of p l a n t s under f ield condit ions can be studied on ly in a descrip-
t ive w a y . The cond i t ions of the exper iment , t h e elements of t h e weather are 
eventua l i t ies imposs ib le to de t e rmine in advance b y the researcher . The ex-
p e r i m e n t s cannot b e repeated u n d e r the same n a t u r a l condi t ions . Agro- a n d 
biometeorological researches will become e x a c t only when car r ied out in 
m o d e r n a i r -condi t ioned p h y t o t r o n s where of t h e elements of weather t h e 
m o s t impor t an t ones : air t e m p e r a t u r e , light a n d air h u m i d i t y can be con-
t rol led a t will. I n such a system t h e effect of a n y component c a n be s tudied 
wi th t h e others k e p t s imul taneous ly at a c o n s t a n t level. I n t h i s way t h e 
expe r imen t s can b e repeated a n d purposefu l ly l a id out . The s y s t e m of p l a n t 
growing chambers , cases, a i r -condi t ioned glass-houses and ar t i f ic ia l ly illumi-
n a t e d open spaces m a d e for a de f in i t e purpose of research is called a p h y t o t r o n . 
The first e q u i p m e n t t ha t can be called a r e a l phy to t ron h a s been operat -
ing since June 1949 in Pasadena (USA, Cal i fornia) . Since t h e n m a n y phy -
t o t r o n s have been cons t ruc ted all ove r the world in which the e f f ec t of wea ther 
condi t ions on p l a n t s can be s t u d i e d in an e x a c t way . The v a r i o u s types of 
p h y t o t r o n are descr ibed by N I T S C H ( 1 9 6 9 ) . 
The e q u i p m e n t was ordered a n d the cons t ruc t ion s t a r t e d a f t e r m a n y -
sided scientific inves t igat ions inc lud ing the methodological r e sea rch in i t ia ted 
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in 1 9 6 8 for the p r epa ra t i on of meteorological p r o g r a m m e s ( O ' S V Á T H — P L E T -
S E R 1 9 7 0 ) . 
The phy to t ron cons t ruc ted a t Mar tonvásá r is a two-storied bui ld ing of 
5 0 x 5 0 m ground space in which an unsuppor ted hal l of 3 0 x 3 0 m — i.e. 
900 m 2 — area is p laced a t the c e n t r e of the u p p e r floor, with t h e air con-
di t ioned uni ts . The 44 air condi t ioned uni ts p laced in the cen t r a l hall are 
suppl ied wi th air, w a t e r and electric power from t h e specially e q u i p p e d rooms 
of a space (of the s a m e size as the hal l ) located u n d e r the hall in t h e middle 
of the g round floor. On two floors a r o u n d the c e n t r a l hall there a r e labora-
tories a n d researchers ' rooms where p l a n t s are p r e p a r e d for the exper iments 
and those removed f r o m the a i r -condi t ioned u n i t s processed or fu r ther 
ana lysed . 
I n t h e cent ra l hal l the a i r -condi t ioned glass-houses are rep laced by 
p lan t growing chambers where — wi th t h e uncont ro l lable sunshine exc luded — 
light in t ens i ty can be p rogrammed in three s teps b y artificial i l luminat ion 
of a m a x i m u m of 50,000 lux. Air t e m p e r a t u r e can be controlled be tween 15 
and 35°C. The air-condit ioning e q u i p m e n t is bu i l t in to the p l a n t growing 
benches . P l a n t growing benches p laced in the 14 rooms have a t o t a l useful 
surface of 60.2 m2 . 
T h e hea r t of t h e p h y t o t r o n : 12 a i r -condi t ioned p lan t growing chambers 
and 16 similar cabine ts are placed aga in in the c e n t r a l hall. Their t o t a l useful 
p l an t growing surface is 62 m2 of wh ich the c h a m b e r s have 39.6 m2 , the 
cabinets 22.4 m2 . T h e chambers are of " s p r i n g - a u t u m n " type, w i t h a tem-
pe ra tu r e ad jus tab le f r o m —5°C to -f-40°C. The cab ine t s are of " s u m m e r " 
type , w i t h an air t e m p e r a t u r e cont ro l led between 5° a n d 40°C. The m a x i m u m 
light i n t ens i ty a t t a inab l e in the c h a m b e r s and cab ine t s is genera l ly 50,000 
lux, in 4 cabinets 100,000 lux which corresponds to m a x i m u m l ight in tens i ty 
in s u m m e r . In these t oo , the light i n t e n s i t y can be p rog rammed in t h r e e steps, 
bu t by h a n d switching can be set a t 15 stages. 
The a i r -condi t ioned plant growing units are completed b y 2 chambers 
for s tudies on f ros t res is tance. Their t o t a l useful su r f ace is 14.2 in2 . Minimum 
t e m p e r a t u r e a t t a inab le in these c h a m b e r s is —25°C. 
W i t h the except ion of the a b o v e men t ioned " w i n t e r " c h a m b e r s air 
h u m i d i t y can also be p rog rammed in all the 42 p l a n t growing un i t s . 
I n t h e a i r -condi t ioned units m a x i m u m devia t ion from the p r o g r a m m e d 
value a t t h e given level m a y be
 =j=0.5°C in the case of t empera tu re , ^ 5 per 
cent w i th light in t ens i ty and per c e n t with air h u m i d i t y . E a c h u n i t has a 
separa te buil t- in air-condit ioning e q u i p m e n t which corrects dev ia t ions from 
the p r o g r a m m e d t e m p e r a t u r e a n d air humid i ty au tomat ica l ly . Possible 
devia t ion f rom the p r o g r a m m e d l igh t in tensi ty can be corrected w i th the 
ver t ica l sh i f t ing of t h e l ighting ceiling, by means of a pho tomete r . 
W h e n p lanning t h e exper iments t o be p e r f o r m e d — s ta r t ing f r o m the 
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original concept ion — the a im is to get an exact , sc ien t i f i c knowledge of 
metabol ism a n d heredi tar iness , more closely, t o answer t h e s e cardinal ques -
t ions of genet ics and evo lu t ion . This sub jec t includes s o m e impor tan t ag ro -
nomic ques t ions : au tumniza t ion -ve rna l i za t ion , frost r e s i s t ance and win t e r -
hardiness , vege ta t ive per iod, qual i ty , res i s tance , etc., t h e i r scientific f o u n d a -
t ion and t h e use of m e t h o d s , thus deve loped , in p r a c t i c a l plant b r e e d i n g 
( R A J K I 1 9 6 6 , 1 9 6 7 ; R A J K I — D É V A Y - R A J K I 1 9 7 2 ) . 
Material and Method 
The t a s k is t o p repare a n a v e r a g e meteorologica l model s e rv ing — as the basis of t h e 
p h y t o t r o n w o r k — for the c o m p a r i s o n of the special p rog rammes . T h e ave rage meteoro log ica l 
d a t a can be o b t a i n e d f rom a long ser ies of da ta . O n t h e other hand , e f f o r t s should be m a d e t o 
give as de ta i led i n f o r m a t i o n as poss ib le . Wi th meteoro logica l d a t a t h i s r equ i rement c a n b e 
m e t by the u t i l i za t ion of hou r ly ave rages . At M a r t o n v á s á r , the s i te of t h e p h y t o t r o n , ser ies 
of meteorological d a t a sa t i s fy ing all r equ i r emen t s a r e n o t ye t ava i l ab le . T h e nearest p l ace l o n g 
meteorologica l series can be o b t a i n e d f r o m is B u d a p e s t . The m o n t h l y p e r hour averages of air 
t e m p e r a t u r e a n d h u m i d i t y are t a k e n f r o m the 1931 — 1950 year -books of t h e National M e t e o r o -
logical I n s t i t u t e . T o t a l hours p e r m o n t h of s u n s h i n e a n d sky r a d i a t i o n can also be f o u n d 
in the yea r -books . T h e p u b l i c a t i o n of these d a t a b e g a n in 1936. A v e r a g e number of h o u r s 
pe r m o n t h in t h e per iod be tween 1936 and 1960 is c o n t a i n e d in " M a g y a r o r s z á g éghaj la t i a t l a s z a 
I I . к . A d a t t á r " (Meteorological M a p of H u n g a r y . Vol . I I . Collection of da ta ) , e x p r e s s e d in 
gcal /cm2 un i t s . O u r meteorological m o d e l was t h u s p r e p a r e d using a meteorologica l d a t a ser ies 
of 20 years fo r t h e hour ly v a l u e s of air t e m p e r a t u r e a n d humid i ty p e r m o n t h and o n e of 25 
yea r s for the r a d i a t i o n . As a me teoro log ica l series t h e s e series c a n n o t b e considered v e r y long , 
b u t when e v a l u a t e d on the bas is of t h e l i te ra ture of t h e phy to t ron t h e y seem suff ic ient . BRET-
SCHNEIDER—HERMANN (1969) p r e p a r e d e.g. t h e c l ima t i c p r o g r a m m e of the R a u i s c h - H o l z -
hausen P h y t o t r o n f r o m 15 y e a r s ' meteorological d a t a . F r o m the d a t a se r ies of climatic o b s e r v a -
t ions m a d e a t M a r t o n v á s á r meteoro log ica l da ta o b t a i n e d since 1955 a r e avai lable . Of t h e m t h e 
a n n u a l course of da i ly means of a i r t e m p e r a t u r e a n d t h a t of the da i ly m e a n s of soil t e m p e r a t u r e 
measu red in t h e 5 cm soil l aye r h a v e been processed . 
Dai ly a n d annua l courses of wea ther c o m p o n e n t s can eas i ly h e approached b y t h e 
a d a p t a t i o n of t r i gonomet r i c f u n c t i o n s . Per iodic i ty is caused by t h e r o t a t i o n of the e a r t h a n d 
i ts revo lu t ion r o u n d the sun. P e r i o d i c i t y can be d e m o n s t r a t e d even f o r non-con t inuous w e a t h e r 
c o m p o n e n t s as p r o v e d by JORDAN (1949) with t r i g o n o m e t r i c f u n c t i o n s a d a p t e d to t h e p rec ip i -
t a t i o n series of 1871 — 1940, B u d a p e s t . 
TAKÁCS (1967) adap t ed t r i g o n o m e t r i c f u n c t i o n s to the daily c o u r s e of soil t e m p e r a t u r e . 
BLISS (1958) s t ud i ed the regress ion of biological a n d cl imatological pe r i ods by a p p l y i n g t r ig -
onome t r i c f u n c t i o n s . 
O'SVÁTH—PLETSER (1970) de t e rmined t h e a n n u a l course of m o n t h l y means of soil 
t e m p e r a t u r e m e a s u r e d in t h e u p p e r 5 cm layer a t t h e climatic s t a t i o n of the A g r o m e t e o r o -
logical O b s e r v a t o r y a t M a r t o n v á s á r f r o m a 13 y e a r s series of d a t a , b y app ly ing t r i g o n o m e t r i c 
func t ions . 
The theore t i ca l bases of t h e m e t h o d are desc r ibed by m a n y h a n d - b o o k s of w h i c h t w o 
are m e n t i o n e d he re : those b y BERMANT (1951) a n d JORDAN (1956) w h i c h served as sou rces 
fo r the p r e s e n t p a p e r . 
Suppose t h a t x phases — in t h e present case concrete p e r i o d s : hours , days, p e n t a d e s , 
decades or m o n t h s — and t h e p e r t a i n i n g y(jt) q u a n t i t i e s — here t h e h o u r l y value, da i ly m e a n , 
e tc . of the w e a t h e r c o m p o n e n t — a re given. T h e x phases are n u m b e r e d x = 0, 1, 2 . . . u p 
to N — 1. Th i s prac t ica l ly m e a n s t h a t when s t u d y i n g t h e daily c o u r s e we mark the 1 s t h o u r 
wi th 0, t h e 2nd w i t h 1 . . . t h e 2 4 t h w i th 23. I n t h i s case N is e q u a l t o t h e number of p h a s e s 
i.e. 24. T h e s a m e applies t o o t h e r u n i t s of t ime: d a y s , pen tades a n d m o n t h s too; у s h o u l d be 
app roached to b y the f o l l o w i n g / ( x ) func t ion : 
f ( x ) + a0<p,(x) + > , ( * ) + + <pn(x), 
2л mx 2л mx 
where <Pm(x) = am cos Sf 1 bm sm —55— • 
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This is t h e m t h wave t h e w a v e - l e n g t h of w h i c h is Njm, n a m e l y (jpm(x) = {<pmx + 
S u p p o s e t h a t 2 л т х / N = со a n d let us d e t e r m i n e the e x t r e m e va lue s of tpm. I n t h i s 
case Dcpm = — a m s in to + bm cos a> = 0, t h a t is t g со = bmjam. If t h e q u a n t i t y c o r r e s p o n d -
ing to one of t h e ex t r eme v a l u e s of t h e m t h w a v e is marked w i t h com , t h e n com + к is also 
a n ex t r eme v a l u e . 
The ipm w a v e can he e x p r e s s e d in a n o t h e r w a y too: 
<Pm = °m + bm cos (со - (om), 
where \' a'fn + b'j,, = rm is the a m p l i t u d e of the w a v e , t h a t is half of t h e difference b e t w e e n 
i t s highest a n d lowes t points . Of t h i s cpm = rm cos (со — com), w h e r e со = 2m.-rx/JV. 
The w a v e is t h u s given b y t h e wave- l eng th , t h e ampl i tude a n d t h e place of t h e m a x i -
m u m . If t h e a m p l i t u d e is equa l t o o n e , we o b t a i n t h e sinus wave ; if i t is larger t h a n o n e t h e 
w a v e is s t r o n g , if smaller t h a n a h a l f , t hen it is w e a k . 
A p p r o x i m a t i o n is carr ied o u t in accordance w i t h the pr inciple of t h e least s q u a r e , t h a t 
is b y r educ ing t h e sum of t he d e v i a t i o n squares t o t h e m i n i m u m : 
s = J ; [ / ( * ) - y ] 2 . 
x = 0 
F a c t o r s am a n d bm g iving t h e ex t r eme v a l u e s a r e calculated b y m e a n s of n o r m a l e q u a -
t i o n s : 
8 5
 = 0 a n d 8 S » 
S am 8 by 
m = 0, 1, 2, . . . n a n d y = 1, 2. . . . п. which g ives a 2n f 1 e q u a t i o n , de te rmin ing t h e u n -
k n o w n 2re + 1. T h e ex t reme v a l u e will be a m i n i m u m if 
Q2 § 





 У • 
where the s u m i n c l u d e s all d o u b l e c o m b i n a t i o n s of t h e quant i t ies am a n d by. 
N o r m a l e q u a t i o n s can be cance l l ed t h r o u g h t h e o r thogona l i t y of t h e func t ions (BER-
MANT 1951, JORDAN 1956). A f t e r al l t h e ex ten t of a p p r o x i m a t i o n c a n b e calculated f r o m t h e 
fol lowing f o r m u l a : 
N y2 I n + l 
= Y ' - "5 - V — (°m + bin) • 
x = 0 A 2.
 m _ 1 
The a p p r o x i m a t i v e f u n c t i o n is 
. . " ( i 2л X , . i 2л X f 
?><(*) = «0 + (a ; cos — — J- bi sin — j y —J , 
w h e r e a 0 is t h e a v e r a g e of the у v a l u e s measured , i t h e n u m b e r of w a v e s u sed for the a p p r o x i -
m a t i o n , N t h e n u m b e r of per iods , w h i l e a, and 6,- c a n b e calculated f r o m t h e following f o r m u l a s : 
2 АГ-1 í2tcx , 2 N-i . i 2.-T .г 
al = -ГТ- 4 У • COS — , b; = - Г 7 4 у • s in ——— , 
л ~o N N i t о Л 
For t h e s a k e of a simpler w a y of wri t ing le t u s m a r k the cos inus m e m b e r s w i t h U j , a n d 
t h e sinus m e m b e r s w i th т;/. 
Before t h e c o m p u t a t i o n le t u s p repa re t he t a b l e of it and v v a l u e s . The и and v v a l u e s 
pe r t a in ing to t h e e q u a l in tervals of JV = 24, 12. 8, 7 a n d 6 are s h o w n i n T a b l e 1. Fo r t h e ca l -
cu la t ion of f a c t o r s a,- and 6, t he у v a l u e s had b e t t e r b e ar ranged i n g r o u p s , since t h e и a n d 
v cons t an t s a r e per iodica l ly r e p e a t e d . W i t h the i n c r e a s e of t the a, a n d 6,- factors a p p r o a c h 
t o 0. In p rac t i ce , howeve r , no t = i n f i n i t y wave h a s t o b e used for o u r a p p r o x i m a t i v e f u n c t i o n . 
T h e ex ten t of a p p r o x i m a t i o n is g e n e r a l l y s a t i s f a c t o r y w i t h three w a v e s . 
In the c a s e of N = 24 ( d a i l y course of h o u r l y va lues ) and i = 3 w a v e the f a c t o r s c a n 
b e calculated w i t h simple a r i t h m e t i c a l opera t ions : 
„ _ Уо + Ti + T2 + • • • -У»з 
0
 24 
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Tab le 1 
u and V values in equal intervals of N = 24, 12, 8, 7 and 6 from ж = 0 to x = N—1 
N = 24 N- = 12 N = 8 N = 7 N = 6 
и 
V и V и г и V и V 
0 1 0 1 0 1 0 1 0 1 0 
1 0.966 0.259 0.866 0.5 0.707 0.707 0.624 0.782 0.5 0.866 
2 0.866 0.5 0.5 0.866 0 1 — 0.225 0.975 0.5 0.866 
3 0.707 0.707 0 1 — 0.707 0.707 — 0.901 0.434 — 1 0 
4 0.5 0.866 — 0.5 0.866 — 1 0 — 0.901 — 0.434 — 0.5 — 0.866 
5 0.259 0.966 — 0.866 0.5 — 0.707 - 0 . 7 0 7 — 0.225 — 0.975 0.5 — 0.866 









- 0 . 5 
—0.866 
0.707 - 0 . 7 0 7 
9 — 0.707 0.707 0 — 1 
10 — 0.866 0.5 0.5 - 0 . 8 6 6 
11 — 0.966 0.259 0.866 - 0 . 5 
12 — 1 0 
13 — 0.966 — 0.259 
14 - 0 . 8 6 6 — 0.5 
15 — 0.707 — 0.707 
16 — 0.5 — 0.866 
17 - 0 . 2 5 9 - 0 . 9 6 6 
18 0 — 1 
19 0.259 — 0.966 
20 0.5 - 0 . 8 6 6 
21 0.707 — 0.707 
22 0.866 - 0 . 5 
23 0.966 - 0 . 2 5 9 
«1 = 1/12 [(y„ - У12) + 0.966 (y , - yu - y13 + y 2 3 ) + 0.86 6 (y2 - y , 0 - y1 4 + y 2 2 ) + 
+ 0.707 (y 3 - y 9 - y 1 5 + y 2 1 ) + 0.5 (y4 - y 8 - y 1 6 + y20) + 
+ 0.259 ( y 5 - y 7 - y 1 7 + y 1 9 ) ] 
b, = 1/12 [(y 6 - y1 8) + 0.966 (y6 + y 7 - y I 7 - y l 9 ) + 0.866 (y 4 + y 8 - y1 6 - y 2 0 ) + 
+ 0.707(y3 + y , - y 1 5 - y21) + 0.5(y2 + y 1 0 - y14 - y2 2) + 
+ 0.259(y4 + y u - y 1 3 - y23)] 
«2 = l /12[ (y„ — Уб + У12 — Уи) + 0.866(y4 — Уз + У7 + Уи — У13 — У17 + У19 + У23) + 
+ 0.ő(y2 — y4 + у 8 + Ую — Ун — У16 + Уз о + У22)] 
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Ь2 = 1/12[(y3 — y9 + Уi5 — Ун) + 0.866(У! + y5 - у , — y n + y i 3 + У17 — У19 — У23) + 
+ 0.5(y2 + у, — Уа — Ую + Уи + У16 - У20 — У22)] 
«з = 1Д2[(у0 — Уз + У6 — Уз + У12 — У13 + У18 - У21) + 
+ 0.5(у! - у2 — у 4 + у 5 + у7 — уа — у 1 0 + у „ + у 1 3 — у 1 4 - у1 6 + у 1 7 + у 1 9 — у20 — 
— У22 + У2з)1 
Ъ3 = 0.866/12(уJ + у 2 — уа — у5 + у , + у8 — у1 0 — у „ + у 1 3 + у14 - у1 6 — у 1 7 + 
+ У1З + У20 — У22 — УГЗ) 
The three waves correspond in th is case to a one d a y , half a day a n d quar ter of a d a y 
period respectively. T h e calculation requires much work even in the above simplified fo rm, 
so i t had better he performed with a computer . Af te r t h e coefficients had been computed, 
t h e series of number s of meteorological models were o b t a i n e d again by m e a n s of a computer , 
on the basis of t he approximat ive f u n c t i o n already p resen ted . 
A special p rob lem was represented by the modell ing of the radiat ion d a t a . On the basis 
of t h e data available t he daily course of radiation can be regarded as cont inuous only f r o m 
sunrise to sunset. If the re were as long a series of data avai lable on eradiat ion as on irradiation, 
t h e n the balance of rad ia t ion would be continuous. As i t is, however, we had to find a solution 
b y which the course of radiation could be modelled. T h e beginning and end of radiation was 
determined f rom t h e month ly average number of hours of sun and sky radiat ion by the 
applicat ion of t r igonometr ic funct ions. For this purpose each row of m o n t h l y average number 
of hours was completed with a zero a t b o t h ends. In accordance with the f a c t s we considered 
i r radiat ion before sunrise and after sunse t as zero. Nega t ive figures obtained f r o m the approxi-
m a t e values were n o t t aken into accoun t in the process of modelling, as i rradiat ion can be 
no th ing else bu t posi t ive. 
When prepar ing our model we set the "change of wea the r " to occur every five days . 
A f ive-day change means a fairly smal l step and approaches the na tura l conditions r a the r 
well, since weather condit ions in H u n g a r y have a t endency to last for f ive days . Programme 
modif icat ion carried ou t every five d a y s is suitable for t h e operation of t h e phytotron too. 
In the equat ions of the annual courses of average numbers of hours per month the f ive-
d a y intervals were displaced by the N — 73 period. T h e respective cosinus and sinus values 
were programmed a n d applied — b y means of a compu te r — to the equa t ions of the appro-
p r i a t e functions. Thus , a f te r all, the model surfaces l imited originally by t r igonometr ic funct ion 
curves will be formed a f t e r the t rans format ion by planes. T h e position in space of these planes 
can be imagined and il lustrated as t h a t of the upper sur face of a rec tangular brick-shaped 
p r i sm. The height of t he prism is de te rmined by the va lue of the weather component s tudied, 
i t s width by the n u m b e r of hours — in the present case one hour — and i ts length by the 
n u m b e r of days, — f ive days according to the value chosen. 
Results 
I t is seen f r o m what have been told t h a t dur ing the work of processing 
s u c h a large a m o u n t of numer ica l da ta was o b t a i n e d as c a n n o t be fully pre-
s e n t e d . Appl ica t ion of the e q u a t i o n s will be shown through some examples. 
W e began to dea l wi th the methodological p a r t of the work of modelling as 
e a r l y as in 1968. Dur ing this w o r k it was to t h e decade m e a n s of air t em-
p e r a t u r e measured a t the Agrometeorological Observa tory of Mar tonvásá r 
f r o m 1955 to 1967 t h a t a t r igonomet r ic func t ion was applied, w i t h the followr-
ing equat ion: 
Y j = 10.5084 — 10.9574 •
 U l — 2.3176 • tq. 
Fig. 1 shows t h e appl icat ion of the m e a s u r e d and computed values. T h e 
di f ference is the la rges t at the m a x i m u m a n d m i n i m u m . This m a y be caused 
Acta Agronomica Academiae Scientiarum Hungaricae 22, 1973 
CLIMATIC M O D E L FOR P H Y T O T R O N STUDIES 7 3 
b y t h e fact t h a t 13 years d a t a a re insuff icient t o eliminate t h e effect of some 
yea r s with e x t r e m e weather condi t ions . A d j u s t m e n t , especial ly around t h e 
m a x i m u m and min imum, could b e improved b y one or two m o r e waves a d d e d . 
T o d a y a series longer by four y e a r s is already avai lable , b u t chang ing the t i m e 
of observat ion f r o m the earlier 7, 14 and 21 hou r s to 7, 13 a n d 19 hours h a s 
m a d e the series heterogeneous. T h e funct ion can be used for t h e simplest t e m -
p e r a t u r e p rog rammes . 
c° 
Fig. 1. Measured ( o ) and c o m p u t e d ( — ) values of t h e decade m e a n s of air t e m p e r a t u r e s . 
M a r t o n v á s á r 1955—1967 
Values — measured a n d c o m p u t e d w i th t r igonometr ic func t ions appl ied 
— of mon th ly m e a n s of soil t e m p e r a t u r e s m e a s u r e d 5 cm deep a t the c l imat ic 
s t a t ion of t h e Agrometeorological Obse rva to ry of M a r t o n v á s á r f rom 1955 t o 
1 9 6 7 are p r e s e n t e d from o u r earlier p a p e r (O'SVÁTH — P L E T S E R 1 9 7 0 ) on 
Fig . 2. The measu red values agree with t h e curve cons t ruc t ed on the bas i s 
of values c o m p u t e d from the f u n c t i o n Y = 1 0 . 6 2 3 7 — 1 1 . 3 0 6 3 • u1 — 0 . 8 5 3 5 • 
• v1. Considerable differences c a n n o t be f o u n d even a round t h e maxima a n d 
min ima . The t r e n d of soil t e m p e r a t u r e can t h u s be a p p r o x i m a t e d w i th a 
single wave. 
Fig. 3 shows the m o n t h l y averages of h o u r l y amoun t s of to t a l r ad i a t ion 
in J a n u a r y a n d J u n e , and t h e three-wave curves a d j u s t e d to them. T h e 
equa t ions a re : 
Y January = 172.25 - 2 0 9 . 8 3 ^ + 4.77tq + 15.33u 2 + 3.75r3 + 12.67u3 — 
— 2.50i;3, 
Y j u n . = 924.00 - 756.50u1 + 172.96tq - 104.68u2 + 16.32r2 — 8.75u3 — 
- 0 .25r 3 . 
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C° 
Fig. 2. Measured ( о ) a n d c o m p u t e d (—) va lues of month ly m e a n s of soil t e m p e r a t u r e in the 
uppe r 5 c m soil layer. M a r t o n v á s á r 1955—1967 
gcal/cm2 
Fig. 3. Average month ly h o u r s ( o ) and c o m p u t e d values (—) of t o t a l radiat ion in J a n u a r y 
a n d June . B u d a p e s t 1 9 3 6 - 1 9 6 0 
W h e n comput ing YJanuary we a s s u m e d periods of 12, 6 and 3 hours . 
The f i r s t w a v e has the h ighes t a t f ac to r , those of the second and th i rd waves 
are smaller b y several o rde r s of m a g n i t u d e ; thus per iods of half and q u a r t e r 
of a day , respect ively, a f f ec t the dai ly t r e n d of r ad i a t i on only to a low 
ex ten t in J a n u a r y . 
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W h e n c o m p u t i n g YJune we assumed pe r iods of 16, 8 a n d 4 hours . T h i s 
curve is n o t s y m m e t r i c e i t h e r . In the d a i l y t r e n d of J a n u a r y the d e s c e n d i n g 
b ranch , whi le in J u n e t h e ascending b r a n c h is more s t e e p . In the l a t t e r t h e 
fac tors of t h e second wave a r e r a the r h igh t o o , b u t those of t h e th i rd a re l ower 
b y several o r d e r s of m a g n i t u d e . 
A p p r o x i m a t i o n of t h e da i ly t rend of rad ia t ion h a s been p r e s e n t e d fo r 
a winter a n d a s u m m e r m o n t h . The a p p r o x i m a t i o n can b e considered sa t i s -
f ac to ry as i t a t t a i n s t he e x a c t n e s s of i n s t r u m e n t r ead ing . A n y point of t h e 
curves d r a w n can be c o m p u t e d with t h e g iven equa t ions , so errors o r i g i n a t -
ing f rom a sub j ec t i ve g r a p h i c connect ion of t he po in t s can be e l i m i n a t e d . 
T h e equa t ions a re su i tab le fo r c o m p u t i n g t h e linear regress ion w i th t h e m . 
F r o m our m e a s u r e m e n t s of l ight i n t e n s i t y — having col lected a s u f f i c i e n t 
n u m b e r of d a t a — we can calcula te c o r r e l a t i o n s wi th t h e daily and a n n u a l 
t r ends of l i gh t in tens i ty a n d i r rad ia t ion . A n d with t h e regression e q u a t i o n 
in possession we can ca lcu la te t he average da i ly and a n n u a l changes of l i gh t 
in tens i ty . 
W h e n p r e p a r i n g t h e m o d e l of air t e m p e r a t u r e we s t a r t e d f rom 20 y e a r s 
m o n t h l y ave rages per hour of t h e B u d a p e s t series of meteorologica l d a t a . T o t h e 
annua l t r e n d of each h o u r l y va lue of t h e m o n t h l y a v e r a g e s a two-wave t r i g -
onometr ic f u n c t i o n was a d j u s t e d , t h e n in t he r e su l t ing 24 equa t ions t h e 
cosinuses a n d s inuses of a n g u l a r values co r respond ing t o t h e f ive -day i n t e r -
vals were s u b s t i t u t e d . In t h a t way t h e h o u r l y means w e r e ob ta ined f o r all 
pen tades a n d all 24 hours , respect ive ly , of t h e year. 
Of t h e a n n u a l t r e n d of hour ly m e a n s of pen tades t h e yearly c o u r s e of 
t he values of 7 a .m. and 1 p . m . is p r e s e n t e d b y Fig. 4 . Tfcic equa t ions a r e : 
Y, a .m. = 8 .455 — 10.627«^ — 0.184т! — 0 .142« , - 0.323P2 , 
Yl p .m. = 14.378 - 13 .229 U l + O.BOtq — 2.253«, - 2 . 8 8 Ь 2 . 
A d j u s t m e n t of the c u r v e s to the s t a r t i n g point — t h e 20 years a v e r a g e 
of m o n t h l y m e a n s per h o u r — can be r e g a r d e d as s a t i s f a c t o r y , since i t does 
n o t exceed t h e accuracy of t h e r m o g r a p h i c m e a s u r e m e n t : J ;0 .5°C. To d e s c r i b e 
the annua l t r e n d s of p e n t a d e means of t e m p e r a t u r e s m e a s u r e d at 7 a . m . t w o 
waves seem to be suf f ic ien t , as t h e coef f ic ien ts of the second wave are r e l a t i v e l y 
low.This does n o t app ly t o t h e curve of 1 p . m . since its coeff ic ients a re s igni f -
icant even in t h e second w a v e . Appl ica t ion of a th i rd w a v e would p r o b a b l y 
improve t h e a p p r o a c h . T h e c o m p u t e r p r o g r a m m e for a t h r e e - w a v e a p p r o x i m a -
t ion has a l r e a d y been p r e p a r e d , and t h e ca lcu la t ions wil l be comple ted soon . 
The m o d e l of t he da i l y and a n n u a l t r e n d s of a i r h u m i d i t y h a s been 
made f r o m t h e same series of meteorologica l d a t a and w i t h the same m e t h o d 
as t h a t of t h e a i r t e m p e r a t u r e . The a n n u a l t r e n d of p e n t a d e means of r e l a t i v e 
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Fig. 4. Computed p e n t a d e means of air t e m p e r a t u r e at 7 a . m . and 1 p.m. 
a i r h u m i d i t y m e a s u r e d a t 7 a . m . and 1 p . m . is shown b y F ig . 5. T h e e q u a -
t ions are: 
Y . a .m. = 7 8 . 3 7 5 + 6.633W l — 5.414iq — 0 .338u 2 + 1.544P2, 
Y1 p .m. = 5 8 . 2 5 $ + 1 5 . 7 4 3 ^ - 5.691tq + 4 .150u 3 - 0.346n3 . 
A d j u s t m e n t is ± 2 p e r c e n t . From t h e coeff ic ients of t h e equa t ions t h e 
conclusion c a n be drawn a g a i n t h a t an a d d i t i o n a l wave w o u l d improve t h e 
a p p r o x i m a t i o n . 
A t h r e e - w a v e t r i gonome t r i c func t ion app l i ed to t h e a n n u a l t r e n d co r -
responds to p e r i o d s of one y e a r , half a y e a r a n d a quar te r of a year. T h e f i r s t 
w a v e is j u s t i f i e d b y the one y e a r per iodic i ty of a day 's l e n g t h . The good a d -
a p t a t i o n to t h e ha l f -year p e r i o d is e x p l a i n e d by the v e r n a l and a u t u m n a l 
equ inox d i v i d i n g the year i n t o two p a r t s . T h e actual p h y s i c a l cause of t h e 
t h i r d — q u a r t e r l y — wave is n o longer so u n e q u i v o c a l ; we e v e n may a t t r i b u t e 
t h e i m p r o v e m e n t of a d a p t a t i o n to m a t h e m a t i c a l ra ther t h a n physical c a u s e s . 
W h e n a p p r o x i m a t i n g the d a i l y t rend we a s s u m e d per iods of 24, 12 a n d 6 
hou r s . Of t h e m on ly the f i r s t can be j u s t i f i e d physical ly, a n d even t h a t o n l y 
f o r the e q u i n o c t i a l days. W a v e s of the d a i l y t r ends of w e a t h e r c o m p o n e n t s 
cons iderably d e v i a t e in e v e r y o the r case f r o m the regu la r sinus cu rve . T h e 
th ree -wave f u n c t i o n a d a p t e d t o the m o n t h l y means of h o u r s of m a n y y e a r s ' 
averages gives a good a p p r o x i m a t i o n in s p i t e of what h a v e been to ld . 
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Í ig. 5. Computed p e n t a d e means of r e l a t i ve air humidi ty a t 7 a.m. and 1 p . m . 
Of t h e th ree -wave t r i gonomet r i c f u n c t i o n s a d a p t e d t o the t w e n t y y e a r s ' 
average of m o n t h l y m e a n a i r t e m p e r a t u r e s per hour t h o s e p repared b y the 
use of J a n u a r y and J u n e d a t a r e p r e s e n t i n g the e x t r e m e values a r e shown 
in Fig. 6. T h e unbroken l ine indica tes t h e calcula ted, t h e circles the expe r i enced 
values . T h e equa t ions a r e : 
Y January = - 0 .83M l — l.iMtq + 0.35m2 + 0.05h2 — 0 .08и 3 - 0.10v3, 
Y June = 19.78 - 3.431*! — 1.64t;! + 0 .43u 2 — 0,12r2 — 0 . 0 3 u 3 + 1.08u3 . 
T h e a d a p t a t i o n is b e t t e r t h a n w i t h t h e two-wave a p p r o x i m a t i o n , devia-
t ion r eaches
 =J=0.2°C on ly in a few cases . In the large a m p l i t u d e J u n e wave 
the coef f ic ien ts of the t h i r d period a re n o less s ign i f i can t , as the mu l t i p l i e r 
of vs, t h e coeff ic ient b3 m a y in some cases increase or dec rease b y a l m o s t one 
degree t h e a p p r o x i m a t e v a l u e of t h e m e a n t e m p e r a t u r e pe r t a in ing t o the 
given h o u r . T h e coeff ic ients of the t h i r d w a v e in the f u n c t i o n a p p r o x i m a t i n g 
the J a n u a r y t r end are m u c h lower, b u t h e r e the mean is a lso low, so t h e three-
wave a p p r o x i m a t i o n is j u s t i f i e d here t o o . 
T h e J a n u a r y a n d J u n e averages of relative a i r h u m i d i t y a n d the i r 
a p p r o x i m a t e values are s h o w n in Fig . 7. T h e equa t ions a r e : 
YJanuary = 80.87 + 2 .90 M l + 2.04t>i — 0 .40« 2 - 0.48u2 — 0.05u3 + 0 .78u 3 , 
Y j u n . = 62 .08 + 11.4«! + 5.78t>! — 0 .41« 2 — 0.04u2 + 0 .50u 3 - 0.35«3 . 
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Fig. 6. Monthly ave rages ( 0 ) and c o m p u t e d values ( — ) of hourly air t e m p e r a t u r e s in J a n u a r y 
a n d J u n e . Budapest 1931—1950 
Fig. 7. Monthly a v e r a g e s ( O ) and c o m p u t e d va lues (—) of hourly re la t ive h u m i d i t y in J a n u a r y 
and J u n e . Budapest 1931—1950' 
The po in t s of the exper i enced values m a r k e d wi th circles agree w i t h 
t h e app rox ima ted values m a r k e d with an u n b r o k e n line. Deviat ions r e a c h 
1 p e r cent only a r o u n d the e x t r e m e values. T h e coefficients of the second a n d 
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t h i rd w a v e are r a t h e r low indicat ing t h a t in the da i ly t r end of air h u m i d i t y 
the 24-hour period is dominan t . 
T h u s , a f te r all, t h e adap ta t ion of t h e th ree-wave funct ions is t h e most 
sui table for the p r epa ra t i on of the model . Fu r the r inves t igat ions are requi red 
to answer t h e quest ion whe the r by m e a n s of the e q u a t i o n s obtained t h e hour ly 
values of weather c o m p o n e n t s can be suff ic ient ly app rox ima ted a t places 
where n o hour ly m e a s u r e m e n t s only t h e a0 values of the equa t ions — i.e. 
the m o n t h l y means — are available. 
I n this case we h a v e to assume t h a t the e q u a t i o n a p p r o x i m a t i n g the 
hour ly t r e n d of t h e wea the r c o m p o n e n t s tudied d i f fe rs from t h a t of the 
initial ma te r i a l only in t h e average, t h a t is, only t h e average is m o d i f i e d by 
the local effects. Of course , climatic differences c a n n o t be expected t o show 
only in t h e averages, b u t it would be usefu l to k n o w t h e adap ta t i on of such 
an approx ima t ion as well. The calculat ion da t a of places where hour ly observa-
t ions h a v e also been m a d e can be used as a control. 
Subs t i tu t ion of m e a n values of ex t remely cold or warm pe r iods into 
equa t ions describing t h e average course is a similar problem. The quest ion 
is to w h a t ex ten t the h o u r l y means of a cold, warm, w e t or dry m o n t h can be 
a p p r o x i m a t e d wi th a func t ion c o m p u t e d f rom the ave rage . 
T h e model ou t l ined here is t h u s t h e f i r s t a p p r o a c h to the meteorological 
p r o g r a m m i n g of the p h y t o t r o n . Wi th our fu r t he r a c t i v i t y we shall m a k e effor ts 
t h a t t h e m a t h e m a t i c a l l y described mode l should a p p r o a c h the n a t u r a l con-
dit ions as much as possible. This requi res — in add i t i on to the process ing of 
cl imatic d a t a — a lot of measuring work to be car r ied out both in t h e field 
and in t h e p h y t o t r o n . 
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DYNAMICS OF BLOSSOMING AND FERTILITY 
OF PISTILS IN PEAR VARIETIES 
B y 
J . N Y É K I 
H O R T I C U L T U R A L R E S E A R C H I N S T I T U T E , B U D A P E S T 
D y n a m i c s of b lossoming and fer t i l i ty of pistils in 12 p e a r varieties were s tud i ed 
be tween 1968 and 1970. The re were a n n u a l l y vary ing d i f ferences between the var ie t i es 
in t he beginning of f lower ing , the e x t e n t of s imultaneous b lossoming and t h e t i m e of 
full b loom. On the ave rage of the years e x a m i n e d the pear var ie t ies required a t o t a l 
h e a t of 3510.5°C to begin f lowering. Pis t i ls were fertile for t w o or three days d e p e n d -
ing on t h e meteorological fac tors , "w i l t i ng" (browning and d r y i n g up) set in r a p i d l y — 
in one or two days. Dehiscence of an the r s w i th in the same f l o w e r lasted for 1 — 2 days 
in b r i gh t wea ther , and 4 — 5 days in r a iny , cool weather. I n t h e pistils sexual m a t u r i t y 
set in 1 — 4 days earlier t h a n in the a n t h e r s . 
In t roduct ion 
W i t h a view to a t t a i n adequa te y ie lds it is indispensable to k n o w the 
dynamics of f lowering a n d t h e s imul taneous blossoming of pollen va r ie t i e s , 
especially in t h e case of t o t a l l y self-sterile pear var ie t ies . 
T ime of blossoming, dynamics of f l ower opening, fe r t i l i ty of p is t i l s and 
dehiscence of an thers in t h e different var ie t ies are in f luenced by c l ima t i c 
factors — f i r s t of all b y the t e m p e r a t u r e . 
The possibil i ty of successful po l l ina t ion depends t o a great e x t e n t on 
whe ther t h e pollen donor and pollen r e c e p t o r var ie ty a r e in full b los som at 
the same t ime , t h a t is, t h e dura t ion of p is t i l fert i l i ty in t h e receptor, a n d the 
t ime of pollen dispersion in the donor v a r i e t y coincide. 
Material a n d Method 
The invest igat ions were carr ied out a t t h e Erd-Elvi ra S t a t i o n of the H o r t i c u l t u r a l 
Research I n s t i t u t e between 1968 and 1970 w i t h f i ve trees each p e a r var ie ty g r a f t ed t o wild 
pear seed s tocks p lanted in 1953. The inves t iga t ions included t h e following pear var ie t ies : 
Bosc kobak , Clapp kedvel t je , Diel va j . D u p u i t asszony, Favrené asszony, H a r d e n p o n t téli 
v a j , Nemes Krasszán , P a p k ö r t e , Pringalle v a j , Serres Olivér, Tél i esperes and Vi lmos kör te . 
The opening of the f lowers was followed w i t h a t tent ion e v e r y morning be tween 8 and 
10 a .m. on 1000 —1500 f lowers selected on the s o u t h e r n side of t he c rowns at m e d i u m he ight . 
The n u m b e r of f lowers opened , in full bloom, a n d withered was r eco rded . Flowers were con-
sidered to be in ful l bloom when t he secretory a c t i v i t y of the pistils h a d started and t h e pistils 
were fert i le in t h e m , while f lowers in which t h e pist i ls had "wa i t ed" (browned and d r i e d up) 
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w e r e regarded as w i t h e r e d . The d u r a t i o n of pistil f e r t i l i t y and the t i m e of dehiscence of a n t h e r s 
w e r e s tudied w i t h 5000 flowers of t h e Bosc k o b a k c l o n e No. 13/1. 
T e m p e r a t u r e s were r eg i s t e red b y a t h e r m o g r a p h . H e a t a m o u n t s r e q u i r e d for t h e b e g i n -
n i n g of f lower ing w e r e d e t e r m i n e d w i t h the m e t h o d developed by HERBST—WEGER ( 1940 ) 
f o r pears. 
C h a r a c t e r i z a t i o n of the soil . A t t he É r d - E l v i r a S ta t ion of t h e H o r t i c u l t u r a l R e s e a r c h 
I n s t i t u t e the soil i s of meadow o r i g i n , sl ightly a l k a l i n e , here and t h e r e n e u t r a l (pH 6.5 — 7 .5 ) ; 
i t s CaC0 3 c o n t e n t r anges f r o m l o w to high p e r c e n t a g e s ( 5 — 2 5 % ) . I t s h u m u s c o n t e n t is 
s a t i s f ac to ry , b e i n g 3 — 4 per cent o r occas iona l ly e v e n m o r e in the s u r f a c e soil. As to i t s t e x t u r e 
t h e soil is l igh t o r m e d i u m h a r d c l a y of g ranu la r s t r u c t u r e . In t h e s u r f a c e soil t he a m o u n t 
of readi ly a v a i l a b l e phosphorus ( P 2 0 5 ) i s 3 — 8 mg /100 g soil, while t h a t of po tass ium ( K 2 0 ) is 
9 — 1 6 mg/100 g so i l ; t h a t is, t h e soil is mode ra t e ly , a n d here and t h e r e e v e n poorly s u p p l i e d 
w i t h avai lable p h o s p h o r u s and p o t a s s i u m . The t o t a l N con ten t of t h e soil ranges b e t w e e n 
0 .30 and 0.40 p e r c e n t , P 2 0 5 c o n t e n t b e t w e e n 0.12 a n d 0.17 per cent , K 2 0 c o n t e n t f r o m 0.90 t o 
1.20 per cent . 
General c h a r a c t e r i z a t i o n of t h e cl imate. T h e a v e r a g e t e m p e r a t u r e of m a n y y e a r s o n 
t h e area in q u e s t i o n is 11.6°C. T h e a n n u a l a m o u n t of p rec ip i t a t i on r a n g e s f r o m 550 to 600 m m 
w h i c h is below t h e na t iona l a v e r a g e , a n d its d i s t r i b u t i o n is highly u n e v e n . A b r igh t s k y is 
f r e q u e n t , the re a r e a b u n d a n t s u n s h i n e hours wi th i n t e n s i v e rad ia t ion . T h e m e a n va lues of a i r 
h u m i d i t y are r e l a t i v e l y low a n d p r o m o t e daily a n d a n n u a l t e m p e r a t u r e f l u c t u a t i o n s . T h e 
p reva i l ing wind is of no r th -wes t d i r e c t i o n and m e d i u m s t reng th . 
H e a t a m o u n t s de t e rmin ing t h e t ime of b l o s s o m i n g and a v e r a g e v a l u e s of da i ly m e a n 
t e m p e r a t u r e s i n f l u e n c i n g the d y n a m i c s of f lower o p e n i n g are given in T a b l e 4. 
Results 
Time of blossoming and dynamics of flower opening in the various pear 
varieties. The t i m e of b lossoming is genetically determined in the frui t species 
a n d varieties. I t s calendar d a t e is main ly de termined b y t h e t e m p e r a t u r e 
t r e n d — the a m o u n t of h e a t required fo r t h e different biological s t ages 
( B R Ó Z I K — N Y É K I 1 9 7 0 ) . The beginning of f lower ing can he modified b y t h e 
n u m b e r of s u n s h i n e hours, t h e amount of prec ip i ta t ion , t h e soil t e m p e r a t u r e , 
h e a t loss due t o radiat ion a t n i g h t , the d o r m a n t state of t h e variet ies, t he r a t e 
of rise in t e m p e r a t u r e , etc. ( H E G Y F O K I 1 9 2 6 , S C H N E L L E 1 9 5 5 , T A M Á S 1 9 5 9 , 
B Ú D I G 1 9 6 0 , M I T T E M P E R G H E R et al. 1 9 6 5 , G R I G G S — I W A K I R I 1 9 6 9 , B R Ó Z I K — 
N Y É K I 1 9 7 0 ) . 
Flowering t imes observed in 250—410 p e a r varieties were analysed in 
de ta i l between 1949 and 1969 ( B R Ó Z I K - N Y É K I 1970). Dif ferences of 3 — 20 
d a y s (!) found be tween the va r i e t i e s in the t i m e of full b loom m a d e a t h o r o u g h 
s t u d y of the d y n a m i c s of f l o w e r opening necessary . 
The resu l t s are p resen ted in Tables 1, 2 and 3. T h e y show a n n u a l l y 
changing d i f fe rences between t h e varieties in t h e beginning of flowering a n d 
t h e extent of s imul taneous blossoming. 
Though t h e relative o r d e r of the var ie t i es is ra ther s t a b l e in accordance 
w i t h B R O W N ' S d a t a ( 1 9 4 3 ) , c e r t a in varieties (e.g. Diel v a j , F a v r e n é asszony , 
P a p körte, Téli esperes) m a y d isp lay annua l changes in t h e t ime of b lossom-
ing , as pointed o u t by H E R B S T — W E G E R ( 1 9 4 0 ) . 
Flowering forecast on the basis of heat amounts. T h e r e are va r ious 
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Table 1 
Flower opening dynamics of pear varieties as expressed by the percentage of flouers opening 
on subsequent days (1968) 
É r d - E l v i r a 
Variety 
Apri l 
14 15 16 17 18 19 20 21 22 
1. Bosc k o b a k 0 8 10 15 65 97 100 
2. Clapp kedve l t j e 0 5 8 10 60 95 100 
3. Diel v a j 0 1 15 45 60 80 100 
4. Dupu i t asszony 0 5 15 50 70 100 
5. Favrené asszony 0 5 37 50 76 100 
6. H a r d e n p o n t téli v a j 0 8 19 30 85 100 
7. Nemes Ivrasszán 0 8 40 65 93 100 
8. Pap kör t e 0 10 45 70 83 100 
9. Pringalle v a j 0 2 10 15 63 90 100 
10. Serres Olivér 0 5 62 85 95 100 
11. Téli esperes 0 2 15 60 85 97 100 
12. Vilmos k ö r t e 0 10 18 70 99 100 
Table 2 
Flower opening dynamics of pear varieties as expressed in the percentage proportion of flowers 
opening on subsequent days (1969) 
Érd-E lv i r a 
Variety 
April May 
27 28 29 30 1 2 3 
1. Bosc kobak 0 10 85 100 
2. Clapp kedve l t j e 0 25 90 100 
3. Diel v a j 0 15 60 95 100 
4. Dupui t asszony 0 15 80 95 
5. Favrené asszony 0 27 75 83 100 
6. Hardenpon t téli v a j 0 15 40 95 100 
7. Nemes Krasszán 0 23 65 91 100 
8. Pap kör te 0 20 60 100 
9. Pringalle v a j 0 10 40 90 100 
10. Serres Olivér 0 55 95 100 
11. Téli esperes 0 15 50 95 100 
12. Vilmos kör te 0 4 15 80 100 
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Table 3 
Flower opening dynamics of pear varieties as expressed by the percentage proportion of flowers 
opening on subsequent days (1970) 
Erd-E lv i r a 
Variety 
April May 
24 25 26 28 29 30 1 2 3 4 5 
1. Bosc kobak 0 3 10 25 40 65 80 95 100 
2. Clapp k e d v e l t j e 0 10 25 30 40 45 70 95 100 
3. Diel va j 0 5 95 100 
4 . Dupiiit a s s z o n y 0 5 20 25 40 45 65 80 100 
5. Favrené a s s z o n y 0 5 55 80 85 90 100 
6. H a r d e n p o n t t é l i v a j 0 3 40 42 45 50 60 70 85 100 
7. Nemes K r a s s z á n 0 5 85 100 
8. P a p körte 0 3 30 90 9 3 95 97 100 
9. Pringalle v a j 0 2 30 55 60 67 70 95 100 
10. Serres Ol ivér 0 1 35 95 100 
11. Téli esperes 0 65 80 100 
12. Vilmos k ö r t e 0 40 50 65 70 80 85 95 100 
Table 4 
Heat amounts required for pear varieties to begin flower-
ing, and trends in the average values of daily mean 
temperatures during flowering, in 1968—1970 
E r d - E l v i r a 
Year 
Trend of flowering 
t ime in t h e pear 
va r i e ty collection 
Heat a m o u n t required 
for t he beginning 
of f lower ing 
(C°) 
Average values 
of dai ly mean 
tempera tures during 
f lower ing 
(C°) 
1968 1 5 - 2 2 Apri l 3491 .1 14.85 
1969 28 A p r i l — 
2 M a y 3538.2 22.10 
1970 24 A p r i l 
5 M a y 3502.3 19.33 
methods of forecast ing t h e beginning of f lowering ( H E R B S T — R U D L O F F 1 9 3 9 , 
H E R B S T — W E G E R 1 9 4 0 , T A M Á S 1 9 5 9 , V I T A N O V 1 9 6 3 , A N S T E Y 1 9 6 6 , e tc . ) . 
Accord ing to the m e t h o d e labora ted by H E R B S T — R U D L O F F ( 1 9 3 9 ) and 
H E R B S T — W E G E R ( 1 9 4 0 ) 1 8 of the var ie t ies required a h e a t amount of 3 0 1 3 — 
3 4 4 0 ° C fo r t h e beginning of flowering on a f ive year a v a r a g e . On a six yea r s ' 
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average S C H O S S I N G ( 1 9 5 9 ) f o u n d 1 2 pear var ie t ies to begin f lowering w i t h A 
heat a m o u n t of 3 4 3 5 ° C a t t a i n e d . In our inves t igat ions (Table 4 ) pear va r i e t i e s 
began to f lower when t h e hea t a m o u n t a t t a i n e d an ave rage of 3 5 1 0 ° C ( t h e 
lowest va lue was 3 4 9 1 ° C in 1 9 6 8 , the h ighes t 3 5 3 8 . 2 ° C in 1 9 6 9 ) . 
Fertility of pistils and dehiscence of anthers. The sec re to ry ac t iv i ty of 
the pistils s t a r t s with a l iquid drop a p p e a r i n g on the s t i g m a when s e x u a l 
m a t u r i t y has been reached. 
The fe r t i l i ty of the pistils is i l lus t ra ted by Fig. 1. T h e figure s h o w s 
t h a t dur ing t h e period of f lower opening t h e pistils are fe r t i l e for a very s h o r t 
t i m e and the i r "wi l t i ng" (browning and d ry ing up) sets in r a p i d l y . In selected 
f lowers of t h e Bosc kobak clone No. 13/1 pist i ls were fer t i le fo r 2—3 d a y s 
then wilted wi th in 1 — 2 days . 
In ce r t a in years (e.g. 1968) when at t h e t ime of b lossoming the w e a t h e r 
was dry and windy , the secre tum drops of t h e pistils dried u p wi thin a single 
day . The m a t u r i n g and dehiscence of the a n t h e r s as well as t h e dispersion 
of the pollen p r imar i ly depended on meteorological factors too . T h e dehiscence 
of the an the r s within the same flower l as ted for 1 — 2 d a y s in hot , s u n n y 
weather (in 1 9 6 9 ) , and for 4 — 5 days in r a iny , cool weather (in 1 9 7 0 ) . In t h e 
variet ies e x a m i n e d sexual m a t u r i t y of the pist i ls set in 1—4 d a y s earlier t h a n 
t h a t of the a n t h e r s . 
Conclusions 
The possibi l i ty of cross-poll ination depends on the coincidence of fu l l 
b loom dates a n d the ex ten t of s imul taneous f lower ing. The b e s t pollen donor 
variet ies are t h e ones in which the t ime of pol len dispersion coincides w i th , 
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or covers t h e t ime of pisti l fer t i l i ty in t h e receptor var ie t i es . The m e t h o d of 
H E R B S T — W E G E R ( 1 9 4 0 ) h a s proved su i t ab l e for the p red ic t ion of the begin-
ning of b lossoming in t h e p e a r varieties. 
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COMPENSATION OF YIELD COMPONENTS 
IN SPRING OATS AND THEIR SELECTION 
By 
J . S Z I R T E S 
C E R E A L R E S E A R C H INSTITUTE, S Z E C E D 
In an e x p e r i m e n t of r a n d o m block design, a t a high level of soil fer t i l i ty yield 
componen ts of in tens ive variet ies a n d strains of Arena sativa L. as well as their com-
pensa t ion under t he condition of l imi ted popula t ion densi ty (216 panicles/m2 on an 
average) were s tud ied by linear regression analysis. T h e l imited popula t ion densi ty was 
used with the v iew of forcing t he compensat ion mechan i sm of the yield components 
to funct ion. A l inear regression of posi t ive correlation was found to exist be tween grain 
yield and panicle/m 2 , grain yield a n d gra in-number /panic le , grain yield a n d hl-weight, 
kg , and between gra in yield and g ra in - s t r aw ratio. W i t h the except ion of t he last var ian t 
t h e regression corre la t ion mani fes ted itself at the low er r ange of the va r i a t ion , therefore 
i t s breeding va lue was considered l imi ted . This means t h a t the highest va lues t h a t show 
t h e regression corre la t ion — i.e. t he 270 panicles/m2 , t h e 85 grains/panicle and the 
45 kg hl-weight — m u s t by all m e a n s be a t ta ined dur ing the selection, u n d e r the condi-
t ions of the e x p e r i m e n t , otherwise t h e grain yield can be expected to decrease. This 
conclusion is no t suff ic ient ly pe rspec t ive f rom the po in t of view of breeding. The situa-
t ion is favourable in the case of g ra in yield and g ra in - s t raw rat io , as the i r regression 
is manifested in t h e uppe r range of t h e variat ion line t h u s giving a suf f ic ien t basis for 
selection. No regression correlat ion could he ident i f ied be tween grain yield and grain-
weight/panicle, as well as be tween gra in yield and thousand-gra in -we igh t . As a con-
sequence of l imi ted populat ion d e n s i t y grain weight per panicle increased to a great 
e x t e n t (X — 2.65 g) and popula t ion deficiency was t h e r e b y compensa ted . 
In t roduct ion 
T h e principle of "selection fo r y ie ld" and t h e me thod of selecting on 
the bas is of morphological yield componen t s have been criticized in the last 
years . Selection m a d e on the basis of yield c o m p o n e n t s was considered by 
the a u t h o r s to be of d o u b t f u l va lue because of the i r in te rac t ion and com-
pensa t ion mechanism. 
J O N E S — H A Y E S (1967) s tud ied for three yea r s the inf luence exercised 
by t h e a m o u n t of seed ra te on t h e grain yield and f o u n d t h a t in t h e case of 
m e d i u m and high a m o u n t s of seed r a t e the effect of init ial popu la t ion dif-
ference was compensa ted in the l a t e r phases of deve lopment . 
D E G R A S (1964) carr ied out a de ta i led morphological yield analysis wi th 
spr ing oa t s . Accordingly it was on ly t h e weight of t h e panicle t h a t could he 
used in selecting for yield increase. 
F R E Y (1959) s tud ied the e f fec t of ni trogen fer t i l izat ion on t h e yield 
c o m p o n e n t s of oats , a n d by t ak ing t w o components — panicle n u m b e r / p l o t 
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a n d grain number /pan ic le — j o i n t l y in considerat ion found it possible to 
screen t h e strains for N-fert i l izer reac t ion . In the p a p e r no t only t h e averages 
of t h e individual c o m p o n e n t s b u t the i r regression correla t ion wi th o the r com-
p o n e n t s too were inves t iga ted b y l inear regression analysis . U n d e r t h e ext reme 
c l ima t i c condit ions of H u n g a r y a compensa t ion abi l i ty which ensures high 
yie lds is bo th necessary and i m p o r t a n t . 
Mater ia l and Method 
The p roduc t iv i ty of the spring o a t var ie t ies Condor, Romulus , Astor , of eleven sprin^ 
o a t s t r a in s obtained f r o m the I n s t i t u t e of P a j b j e r g f o n d e n a n d of the F -oa t was s tudied in an 
e x p e r i m e n t arranged in r a n d o m block design wi th six repl icat ions . The expe r imen t was carried 
o u t in a lowland region, on the alluvial soil of the river Maros, in the t r iangle fo rmed by the 
r i ve r s Tisza and Maros, a t Kiszombor . T h e average fertilizer level was: 120 kg N, 60 kg P 2 0 5 
a n d 120 kg K 2 0 , a t o t a l of 300 kg ac t ive agen t per ha. The size of each plot was 6 m x 0 . 5 m. 
T h e exper iment was sown on March 27 th 1971. Emergence was recorded on Apri l 5th. In the 
regress ion analysis var ie t ies and s t ra ins are represented by a single mean va lue . T h e regression 
ana lyses were pe r fo rmed by the J A T E Cybernet ic L a b o r a t o r y , Szeged. 
Results 
B y means of l inear regression analyses corre la t ions were f o u n d between 
t h e grain yield on one hand , a n d panicle n u m b e r / m 2 , g ra in-number /panic le , 
h l -weigh t and gra in-s t raw ra t io , on the other . N o regression correla t ion could 
h e ident i f ied, however , be tween grain yield a n d grain-weight /panicle , nor 
b e t w e e n grain yield and thousand-gra in-weigh t (Table 1). 
Table 1 
Table of correlations 
Characterist ics X 2 3 i 5 6 7 I 8 
1 . Grain yield/m2 (dkg) 57.3 - f 0 + 0 + + - f 
2. Panicle number /m 2 216 0 — 0 0 0 
3. Grain-weight/panicle, g 2.65 + + 0 0 0 
4. Grain-number/panicle 89 
— 
0 0 0 
5. Thousand-grain-weight , g 29.6 0 0 0 
6. Hl-weight, kg 45.6 0 + 
7. Grain-straw rat io 0.73 0 
8. Grain-husk rat io 2.42 
-f- positive correlat ion 
— negative correlat ion 
0 no correlat ion 
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G r a i n y ie ld d k g / m 2  
70 - , 
41
—I 1 1 1 1 I 1 
160 180 2 0 0 2 2 0 2 4 0 2 6 0 2 8 0 
P a n i c l e - n u m b e r / m 2 
Fig. 1. Correlat ion be tween grain yield a n d panic le number 
G r a i n y ie ld d k g / m 2 
5 0 -
U I—I 1 1 1  
74 7 8 8 2 8 6 
Grain - n u m b e r I p a n i c l e 
Fig. 2. Correlat ion between gra in yield and gra in-number /panic le 
On examining t h e popula t ion dens i ty it was f o u n d t h a t a g rowth in 
the n u m b e r of panicles increased t h e grain yield (Fig. 1). The highest popula-
t ion d e n s i t y — 270 panicles/m 2 — was accompanied b y a grain y ie ld of 65 
dkg /m 2 . Between the two var ian t s r = 0.75. The p red ic t ed effect of t h e chang-
ing s t a n d is very h igh : 7.35 dkg/m 2 in the case of 50 panicles. 
N o general l inear regression is f o u n d between t h e grain yield and the 
n u m b e r of grains per panicle . Such correlat ion could be observed on ly in the 
75 — 85 gra in-number /panic le in te rva l (Fig. 2), where t h e effect is consider-
able a n d r = 0.73. 
F i n e a r regression was shown be tween grain yield and 42—44.4 kg hl-
weight ; r = 0.94, b = 4.5 dkg/hl-weight kg (Fig. 3). No regression correla-
tion of grain yield to hl-weight was experienced w h e n the h l -weight was 
f u r t h e r increased. 
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r = 0 , 9 4 
Y ' = - 1 3 9 , 7 3 + 4 , 5 0 X 
U h 
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H I - w e i g h t , k g 
Fig. 3. Correlation b e t w e e n grain yield and hl-weight 
G r a i n y ie ld d k g / m 2 
G r a i n - s t r a w ra t io 
Fig. 4. Correlation b e t w e e n grain yield a n d gra in-s t raw r a t i o 
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I n the 0.78—0.91 grain-s t raw ra t io interval r = 0.78 between t h e grain 
yield a n d the gra in-s t raw ratio. W h e n the gra in-s t raw ra t io increased b y 0.1 
an improvemen t of 6 .3 q /ha grain yield could be e s t i m a t e d (Fig. 4). 
As for the cor re la t ion be tween grain yield a n d grain-husk r a t i o the 
correla t ion coefficient was 0.50. 
G r a i n - w e i g h t / p a n i c l e , g 
U t 1 1 1 1 ; 1 
1 8 0 2 0 0 2 2 0 240 2 6 0 2 8 0 
P a n i c l e - n u m b e r / m 2 
Fig. 5. Correlat ion between grain-weight /panicle and panic le-number /m 2 
N o regression corre la t ion could he pointed ou t be tween the grain yield 
and gra in-weight /panic le , nor between grain yield and thousand-gra in -weigh t . 
The phenomenon is c aused in essentials b y the f u n c t i o n of the compensa t ion 
mechan i sm. The deve lopmen t of a correla t ion be tween grain yield a n d grain 
weight pe r panicle was p a r t l y p reven ted by the nega t i ve correlation be tween 
grain-weight /panicle a n d panicle n u m b e r / m 2 (Fig. 5). 
W i t h the increase of panicle n u m b e r / m 2 t he g ra in weight per panic le 
considerably decreased. In the correlat ion r = 0.67. 
A linear regression of positive correlation was f o u n d between grain 
number /pan ic le and gra in-weight /panic le (Fig. 6): r = 0.72. 
W h e n the thousand-gra in -weigh t increased f r o m 26 g to 32 g t h e grain 
weight pe r panicle increased too: r = 0.65 (Fig. 7). F ina l ly , Fig. 8 shows an 
increase of the hl-weight expected w i th the i m p r o v e m e n t of the g ra in -husk 
ra t io: r = 0.78. 
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Fig. 6. Correlat ion be tween grain-weight /panic le and gra in-number /panic le 
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Fig. 7. Correlat ion be tween grain-weight /panic le and thousand-gra in-weigh t 
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Fig. 8. Correlation between h l -weight and grain-husk r a t io 
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Conclusions 
W h e n drawing conclusions we mus t keep t h e following c i rcumstances 
in m i n d : 
a) the expe r imen t s were pe r fo rmed with h igh ly product ive , so called 
in tens ive varieties a n d strains; 
b) soil fer t i l i ty was increased b y adding an average of 300 kg /ha ac-
t ive a g e n t ; 
c ) populat ion dens i ty teas l imi ted to a level which , in in te rac t ion wi th 
geno type and soil f e r t i l i ty , made possible the f u n c t i o n of the compensa t ion 
mechan i sm of yield componen t s , a n d a t the same t i m e a high level of yield. 
(The average yield of 90 plots was 57.3 dkg/m2 . ) 
These c i rcumstances ensured t h a t the linear regression of charac ter i s t ics 
re la ted wi th the gra in yield could be demons t r a t ed . 
T h e populat ion dens i ty of 270 panicles/m2 is considered to be a marg ina l 
condi t ion under wh ich , in the case of an effect ive compensa t ion , an out-
s t a n d i n g grain yield (65 dkg/m2) can even be a t t a i n e d and , at t he same t ime, 
a cer ta in degree of select ion made for the yield c o m p o n e n t s and compensa t ion 
abi l i ty . In our f u r t h e r exper iments we intend t o increase the popu la t ion 
dens i ty — expressed b y the index panicle/m 2 — t o a limit where it is still 
accompanied by increased yields, in order to be able t o s tudy the yield com-
p o n e n t s and the compensa t ion mechan i sm at t h a t level too. 
As a result of compensa t ion no regression corre la t ion was f o u n d between 
grain yield and gra in weight per panic le . In spi te of this fact we deem it 
i m p o r t a n t to emphas ize its effect on the yield. As a consequence of l imited 
popu la t ion density t h e per panicle grain weight cons iderab ly increased in all 
var ie t ies and strains a n d a t ta ined an average value of 2.65 g/panicle. Popu-
lat ion deficiency was compensa ted b y an increased gra in weight pe r panicle ; 
it was in this tha t t h e ef fec ts of grain n u m b e r and g ra in weight were added up . 
W h e n varying t h e per panicle n u m b e r of gra ins f rom 75 to 101, l inear 
regression of posit ive correlation was found only w i t h grain/panicle values 
be tween 75 and 85. I t was r emarkab le t h a t the regression was man i f e s t ed 
only in the lower r a n g e of the va r i a t ion line. This m e a n s t ha t unde r t h e con-
dit ions of the expe r imen t 85 grains pe r panicle m u s t b y all means be a t t a i n e d . 
However , this does n o t even represen t the average a n d is not su f f i c ien t for 
the compensa t ion . 
A growth in t h e n u m b e r of gra ins per panicle increased the per panicle 
weight of the grains a n d decreased t h e thousand-gra in-weight . A f t e r all, no 
correlat ion was f o u n d e i ther between grain yield a n d grain-weight /panicle , or 
be tween grain yield a n d thousand-gra in-weight . 
I n the regression correlation between grain yield and 42 — 44.4 kg 
hl-weight the values of r and b a re ve ry i m p o r t a n t , therefore a m i n i m u m 
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4 4 — 4 5 kg h l -weight has to be ensured . However , this is n o t suff ic ient to 
a t t a i n high yields and adequa t e compensa t ion . In this case t oo , regression 
is mani fes ted w i t h the low va lues within t h e range of va r i a t i on , and even 
t h e highest va lue (44.4) involved in the regression is below t h e average (45.6) 
h l -weight . 
The increase of gra in-s t raw ra t io in the in te rva l of 0.78 — 0.91 was also 
connec ted wi th an increase in y ie ld . Increas ing t h e grain yield or decreasing 
t h e s traw yield in order to i m p r o v e the ra t io are equally j u s t i f i e d . One of 
t h e components in the gra in-s t raw ra t io is grain i tself , therefore t h e regression 
of b o t h grain y ie ld and g ra in - s t raw rat io is man i fe s t ed in the u p p e r range of 
v a r i a t i o n . Regression correla t ions between grain yield on one hand , and 
pan ic le n u m b e r / m 2 , g ra in-number /panic le and hl-weight on t h e other , were 
f o u n d to he man i f e s t ed in the lower range of va r ia t ion . There fo re they show 
a m i n i m u m v a l u e which must b y all means be a t t a ined dur ing t h e selection, 
o therwise a decrease in the gra in yield can be expected . T h e y have , thus , a 
l imi t ed selection va lue . I t is a b o v e these values t h a t the compensa t ion mecha-
n i s m funct ions . 
The above resul ts suggest t h a t in b reed ing for yield increase it is more 
i m p o r t a n t to k n o w and improve t h e compensa t ion abil i ty of yield components 
t h a n to know t h e regression of t h e charac ter is t ics . 
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INFLUENCE OF DIFFERENT TOP-SOIL MOISTURES 
ON NITROGEN AND PHOSPHORUS UPTAKE 
RY MAIZE 
By 
J . DOMBOVÁRI 
RESEARCH INSTITUTE FOR IRRIGATION, SZARVAS 
A g r e e n h o u s e e x p e r i m e n t w a s c o n d u c t e d to d e t e r m i n e the i n f l u e n c e of d i f fe ren t 
top-so i l mois tu re c o n t e n t s on t he u p t a k e of N and P f r o m fert i l izer b y m a i z e , when t he 
l o w e r p a r t of t h e r o o t s were in w a t e r or in water c o n t a i n i n g N a n d P fer t i l izers . The 
d a t a show t h a t t h e soil mois ture l e v e l h a d a h ighly s ign i f i can t i n f l uence o n t h e N and 
a f a i r l y small effect , on the P c o n t e n t of t he p lan t s . T h e e f fec t of soil m o i s t u r e on t he 
% N and P d e r i v e d f r o m the f e r t i l i ze r w a s very s ign i f i can t . P u p t a k e f r o m t h e fert i l izer 
a d d e d to the soil w a s qui te smal l w h e n the p lan t s w e r e suppl ied w i t h w a t e r by t h e 
l o w e r p a r t of t h e i r r o o t s . The N c o n t e n t of the p l a n t de r ived f r o m t h e fer t i l izer was 
r e l a t i v e l y high f r o m d r y soil, t h o u g h i t w a s 2—5 t i m e s less c o m p a r e d to t h e t r e a t m e n t 
w i t h mois t soil. T h e soil mois ture c o n t e n t h a d no s ign i f i can t inf luence on t h e I 5 N u p t a k e 
f r o m the solut ion h u t t he P u p t a k e f r o m the so lu t ion inc reased wi th a dec reas ing soil 
m o i s t u r e level. I n t h e t r e a t m e n t s w h e r e N P were s u p p l i e d b o t h to soil a n d wa te r , t he 
1 5 N u p t a k e was n o t s ignif icant ly a f f e c t e d by the soil m o i s t u r e whereas t h e 3 2 P u p t a k e 
w a s higher for a l ower mois ture l eve l . 
In t roduc t ion 
Al l the life processes of a p l a n t are s igni f icant ly in f luenced by soil 
moi s tu re . Many expe r imen t s ( D E B K E C Z E N I et al. 1 9 6 8 , M E D E R S K I — WILSON 
1 9 6 0 , O L S O N et al. 1 9 6 1 , POWER — G R Ü N E S 1 9 6 1 , S A B I N I N 1 9 4 0 ) h a v e shown 
t h a t a b o v e the wi l t ing point if t h e soil mois ture con ten t is increased , the 
g rowth a n d nu t r i en t u p t a k e of p l a n t s also increase. However , t h e nu t r i en t 
c o n t e n t of the p l an t s is usually n o t influenced l inear ly by the decrease in 
soil m o i s t u r e con ten t ( F A W C E T T — Q U T R K 1 9 6 2 , P E T I N O V 1 9 6 5 , P E T E R B U R G -
SKIY 1 9 5 9 , SHOW 1 9 5 5 ) . The opinions on nut r ien t u p t a k e by p l a n t s f r o m dif-
ferent mois t layers a re con t r ad ic to ry . According to B R E A E Z E A L E ( 1 9 3 0 ) , 
SMIRNOV ( 1 9 5 8 ) a n d H U N T E R — K E L L E Y ( 1 9 4 6 ) , p l a n t s can take u p nu t r i en t s 
f rom d r y soil, when a p a r t of their r o o t system is in a moist layer a n d in this 
way h a v e been supp l i ed with w a t e r . The nu t r i en t u p t a k e then t a k e s place 
f rom a moi s t microzone, formed a r o u n d the roots in the dry soil. According 
to o the r s (KORITZKAYA 1 9 3 9 , SOKOLOV 1 9 4 6 ) , n u t r i e n t up take f r o m dry soil 
is smal l a n d depends on the plant species , the n a t u r e of the n u t r i e n t e lements , 
their concent ra t ion a n d on the physical-chemical proper t ies of t h e soil. 
T o th row more l ight on this p r o b l e m a pot expe r imen t was ca r r ied out 
using label led N and P fertilizers. T h e objectives of this exper imen t were to 
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d e t e r m i n e : a ) t h e N P u p t a k e f r o m soils of d i f f e r en t moisture c o n t e n t when 
t h e lower par t s of t h e roots were in wa te r ; b) t h e N P up take f r o m a solution, 
w h e n the upper p a r t s of the roo t s were in soils of d i f fe ren t mois tu re content ; 
с ) t h e N P up take , when 5 0 % of t h e N P was suppl ied in the soil, a n d the o ther 
5 0 % in a water cu l tu re . 
Mater ia l and Method 
The soil used in th i s exper iment was sandy loam w i t h a wa te r holding c a p a c i t y of 3 0 % 
a n d a wilting point of 2 3 % of the w a t e r holding capaci ty . T h e p F was 4.1. 
The pots consis ted of two pa r t s . T h e upper pa r t was a plast ic tube w i t h a metal sieve 
a t t he bo t tom, and t h e lower pa r t a 600 ml beaker. The u p p e r pa r t conta ined soil, and the 
lower p a r t water . 
Between the soil a n d the water a t h i n para f f in layer w a s coated on the screen to prevent 
t h e movemen t of w a t e r f r o m the lower p a r t of the pot i n t o t h e soil. 
The paraf f in l aye r on the me ta l s ieve was about 2 m m th ick . A few par t ic les of vermi-
cu l i t e were placed on t h e para f f in layer . 
The quan t i t y of d ry soil in each p o t was 150 g and t h e soil layer was a b o u t 10 cm high. 
Two tubes wh ich had holes in t h e sides, were pu t i n t o t h e soil for wa t e r supply . After 
t h e seeding of the ma ize , t he soil was mois tened to 7 4 % of t h e water holding capaci ty . The 
n u t r i e n t solution was added to each b e a k e r and the so lu t ion layer was k e p t a t a height of 
Table 1 
Dry matter yield and NP uptake by maize 
T r e a t m e n t Plant composit ion 
Average soil moisture in percentage 
of water holding 
capacity 
of d r y weight Method 
of appl icat ion 
of t he " N and 
" P labelled 
fer t i l izers 






















In soil 7.45 2.01 9.27 0.36 2.30 
74 72 22.0 22.6 In wa t e r 
In soil and 
5.80 2.15 21.04 0.42 11.40 
wa te r (1:1) 6.18 1.95 10.23 0.37 7.46 
In soil 6.40 1.66 5.56 0.34 0.09 
30 27 9.0 8.2 In wa t e r 
In soil and 
6.00 2.01 18.65 0.39 17.14 
wa te r (1:1) 6.45 1.68 9.69 0.36 11.30 
In soil 8.21 1.57 2.06 0.34 0.07 
21 21 6.3 6.3 In wa t e r 
In soil and 
6.69 1.79 19.92 0.40 17.90 
wa te r (1:1) 5.85 1.66 11.66 0.38 10.00 
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20 cm. During the f i r s t stage of p lan t deve lopment t he wa t e r level in t he beakers , and t he 
m o i s t u r e content of t h e soil were kep t a t t h e same level un t i l the labelled fer t i l izer was applied. 
3 p l a n t s were grown in every pot. Dur ing t h e growing t ime t h e water was con t inuous ly aera ted . 
The water s u p p l y was s topped in t r e a tmen t s (b) a n d (c) 38 days a f t e r seeding, when 
t he p l a n t height was a b o u t 30 cm. 
Four days l a te r , when the soil was d ry , the mois tu re level of each p o t was de termined. 
T h e n t he soil in t he p o t s of t r e a t m e n t (b ) was brought to a moisture c o n t e n t of 27% of t he 
w a t e r holding capac i ty . The pots of t r e a t m e n t (c) did n o t receive any mo i s tu r e . 
A t the same t i m e equal a m o u n t s of N P were appl ied to all t r e a t m e n t s a t a ra te of 
45 m g N and 15.6 mg P per pot. N was appl ied as (NH 4 ) 2 S0 4 wi th an a t o m excess of 5 % 1 5N 
a n d P in the form of K H 2 P 0 4 , labelled 3 2 P . The nu t r i en t s were mixed wi th s a n d and applied 
in 4 holes. In the lower pa r t s of the po t s t h e nutr ient so lu t ion was replaced b y wa te r to which 
10 ml labelled N P solut ion were added . T h e exper iment was carried ou t w i t h 3 replications. 
45 days a f te r seeding — 3 days a f t e r N P appl icat ion — the maize was harves ted , and 
s e p a r a t e d into roots a n d tops. The tops were dried at 70°C, weighed, f inely g round and anal-
ysed for nitrogen c o n t e n t and 14N/15N r a t i o . Subsamples were t aken for t he analysis of phos-
p h o r u s and 3 2P con ten t . T h e total N c o n t e n t was de termined on the basis of K j e l d a h l digestion 
( J A C K S O N 1 9 5 8 ) . 1 5 N w a s d e t e r m i n e d b y m a s s s p e c t r o m e t r y ( M E R S A R I — B R O E S H A R T 1 9 6 8 ) . 
P h o s p h o r u s was d e t e r m i n e d coloriinetrically and the 3 2 P c o n t e n t by a Nuclear-Chicago liquid 
scint i l la t ion detector . 
The soil mois tu re content , before t he fertilizer appl ica t ion and a t h a r v e s t t ime was 
d e t e r m i n e d gravimetr ica l ly (Table 1). 
Results 
The dry m a t t e r product ion , t h e total N a n d P contents a n d f rac t ions 
de r ived f rom the appl ied fert i l izers are given in Tab le 1. 
The differences in the yield d a t a show a r a t h e r high va r i a t i on which 
could no t be r e l a t ed to the d i f ferences in moi s tu re content a f t e r 38 days. 
W i t h reduced soil mois ture c o n t e n t , t he tota l a n d % N u p t a k e f r o m the fer-
t i l izer decreased. I n those t r e a t m e n t s where t h e nu t r i en t s were p u t in water , 
t h e % N and P were the highest . 
The q u a n t i t y of N derived f r o m the fer t i l izer being appl ied to the soil 
c lear ly shows t h e posi t ive re la t ionsh ip between t h e N u p t a k e a n d the soil 
m o i s t u r e content . Fu r the rmore , essent ial ly P was no t taken up b y the p lan ts 
f r o m fertilizers app l ied to the soil which had a mois tu re con ten t n e a r to wilt-
ing po in t , even t h o u g h the lower p a r t of their roo t s were in s t a n d i n g water . 
When the label led P fer t i l izer was added to wate r , the P der ived f r o m 
t h e fert i l izer in t h e wa te r was h ighe r in the p l a n t s growing in t h e soil wi th 
a lower moisture con t en t , reaching a value of 17.9 and 17 .1% fo r the lower 
soil mois ture levels as compared t o 11.4% for t h e highest soil mo i s tu re level. 
In those t r e a t m e n t s where N was added to t h e w a t e r d i s t r ibu ted in soil and 
w a t e r there were s ignif icant d i f ferences in fer t i l izer N u p t a k e . The p lan ts 
were readi ly suppl ied with n u t r i e n t s f rom the solut ion. However , f rom dry 
soil t h e relative u p t a k e of fer t i l izer N was g rea t e r t han t h a t of ferti l izer P . 
The data for t h e mixed app l i ca t ion show t h a t the u p t a k e of N and P 
f r o m t h e fertil izer were higher t h a n when t h e fertilizers were applied to 
t h e soil. 
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I t was assumed t h a t the small var ia t ion in t h e soil mois ture content 
du r ing t h e 3 days be tween fertil izer appl icat ion and ha rves t had no i m p o r t a n t 
effect on the water s u p p l y of the p l a n t s . 
Summar iz ing , i t m a y be s t a t ed t h a t the e x p e r i m e n t showed t h a t nu t r i en t 
u p t a k e t akes place w h e n an a d e q u a t e w a t e r supply is present a round the root 
sys t em. Apparen t ly in d ry soil no suff ic ient w a t e r t r anspor t t a k e s place 
t h r o u g h the roots and t h e mois tening of the microzones around the d r y roots 
when a p a r t of the roo t s are a d e q u a t e l y supplied w i th moisture. 
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STUDIES ON ABNORMAL GROWTH IN PLANTS 
I I . S T R U C T U R E O F C A U L I N E T U M O U R S I N P R O S O P I S S P I C I G E R A L. I N D U C E D 
B Y I N S E C T S 
By 
T . M . V A R G H E S E , S . V A R M A 
HARYANA A G R I C U L T U R A L U N I V E R S I T Y , HISSAR; D A Y A N A N D COLLEGE. H I S S A R 
The p r e s e n t s t u d y inc ludes t h e a n a t o m y of eau l ine galls of Prosopis spicigera 
i nduced by i n s e c t s . T h e infec t ion b y t h e insect t a k e s p lace a t the e a r l y s t ages of devel -
o p m e n t of t h e s t e m . In t he e a u l i n e galls, t he i n s e c t s are d i s ce rnab le in t he cor t ical 
p a r e n c h y m a a n d in t h e m e d u l l a r y r ays . The i n f e c t e d s tem shows a n acce le ra ted p ro -
duc t ion of w o o d . T h e f o r m a t i o n of vascu la r r a y s is s t o p p e d due t o i n f e c t i o n . The pro-
duc t ion of a l a r g e r a m o u n t of a p o t r a c h e a l p a r e n c h y m a in te r spersed b e t w e e n the t r a -
cheidal g roups a n d t he f o r m a t i o n of lysigenous cav i t i e s are the o t h e r f e a t u r e s n o t e d 
in the d e v e l o p m e n t of eauline gal ls . 
Introduction 
Prosopis spicigera L., the p l a n t under p r e sen t inves t iga t ion , is one of 
t h e few trees which thr ive well in the semi-arid regions of N o r t h e r n Ind ia . 
T h e leaves of this p l a n t are ex tens ive ly used as fodder and t h e wood as f ire-
wood. The tender f r u i t s are a del icacy as vegetable in some p a r t s of R a j a s t h a n . 
However , the p l a n t s are invar iably infected by insects ; the leaves and flowers 
by Eriophyes prosopidis Saksena a n d the pet ioles and stem b y an unknown 
chalcid insect ( M A N I 1 9 6 4 ) . The ma l ignan t infect ion by these insec ts adversely 
a f f ec t s the growth a n d reproduct ion of the t r ee as the in fes ted organs are 
conve r t ed into t u m o r s of various shapes and sizes. 
In a previous communica t ion V A R G H E S E — S H A R M A ( 1 9 7 1 ) s tudied t h e 
deve lopmenta l a n a t o m y of fol iar and pet iolar galls in Prosopis spicigera. 
S H A R M A — V A R M A — V A R G H E S E ( 1 9 7 2 ) described t h e ana tomy of f lora l galls in 
Prosopis spicigera L . The present s t u d y records t h e ana tomy of eauline galls 
in th i s p lant . 
Material and Method 
T h e mate r ia l u s e d fo r the p r e s e n t s t u d y was col lec ted f r o m Hissar ( I n d i a ) a n d inc ludes 
n o r m a l s t e m pa r t s of Prosopis spicigera a n d galls p r o d u c e d on t hem. T h e eau l i ne galls were 
co l lec ted in the m o n t h s of May , J u n e , J u l y , Augus t a n d D e c e m b e r . The m a t e r i a l s collected 
a t d i f f e r e n t s tages of m a t u r i t y were f i x e d in f o r m a l i n - a c e t i c ac id-a lcohol ( F A A ) . T ransve r se 
a n d long i tud ina l sec t ions were cut 8 to 15 /« th i ck and s t a i n e d w i th s a f r a n i n - f a s t green combi-
n a t i o n b y the usual m e t h o d (JOHANSEN, 1940). 
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Fig. 1. Developmenta l s t a g e s of cauline t u m o u r s , x 127 
Fig. 2. Developmenta l s t ages of cauline t u m o u r s . X 127 
Resul t s 
S t em galls s t a r t the i r in i t ia t ion a t the end of May and t a k e a t least 
one y e a r to a t ta in ful l stage. These are light b rown in colour a n d delicate 
to s t a r t wi th , bu t become hard t o w a r d s the end. T o begin with, t h e cauline 
galls are globular, oval or p ipe t t e - shaped . More t h a n one gall m a y be formed 
f rom a small b r a n c h e i ther con jo in t ly or separa te ly (Fig. 1). T h e cauline 
galls m a y be a s y m m e t r i c if the g r o w t h is only on one side or s y m m e t r i c if 
the g rowth is radial . The mature gall is ei ther lobed or globular. Fo rma t ion 
of a n u m b e r of b ranches diverging f r o m the gall due to the suppress ion of 
in t e rnodes is a usual f e a t u r e (Fig. 2). T h e bark is peeled off f rom a f u l l y grown 
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Fig. 3. A portion of t h e t ransect ion of a Fig. 4. T r ansec t i on of a y o u n g gall wi th 
n o r m a l stem (ph. ph loem) . X l 2 7 larvae inside t h e medullary r a y s (1, larvae) . 
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gall expos ing a n u m b e r of pores each forming an out le t for t h e insect , or 
p rov id ing fresh air t o t h e insects inside (Fig. 2). T h e branches above the gall 
may con t inue their g r o w t h for some t ime or m a y d r y up. The reason for such 
a b e h a v i o u r of s tem galls is discussed elsewhere in th is paper . 
A normal s t em which has unde rgone secondary growth shows an elab-
ora te product ion of cork cells. The phellogen and phel loderm c a n n o t be dis-
t ingu ished . However , below the b a r k there is a l aye r which consis ts of da rk 
cells. A t this region t h e r e are 2 to 3 layers of p a r e n c h y m a t o u s cells a r ranged 
in r egu la r tiers w i th t h e stone cells interspersed in between. T h e secondary 
phloem is present in discrete uni t s separa ted by a single layer of p a r e n c h y m -
atous cells filled w i th t ann in . The single concentr ic layer of phloem represents 
the fo rma t ion of t h e phloem in a single season (F ig . 3). Most of t h e cells of 
the ph loem are conve r t ed into ph loem fibres while t h e rest r emain as paren-
c h y m a t o u s cells. T h e growth r ings are very clear in the secondary xylem. 
I t is obvious tha t t h e growth in th ickness of the s t e m is ex t remely slow and 
t akes several years t o increase even a few cen t ime te r s in d iameter . The wood 
is d issected by r ad ia l ly running un i - or biseriate vascu la r rays (Fig . 4). The 
vessel e lements are dispersed be tween the rays. T h e vessel groups are normal ly 
s u r r o u n d e d by a l imi ted amount of vasicentr ic p a r a t r a c h e a l p a r e n c h y m a . The 
a m o u n t of p a r e n c h y m a in a gall is less then t h e t r ache ids in a n o r m a l s tem. 
The p i t h is present in t h e central por t ion and cons is t s of isodiametr ic paren-
c h y m a t o u s cells. T h e infection b y t h e insects t a k e s place when t h e s tem is 
two to th ree years old as indicated b y the n u m b e r of growth rings. T h e insects 
en te r in t h e bark a t t h i s stage and m o v e through t h e per iphery f i r s t , and then 
radia l ly th rough t h e medul lary r a y s (Fig. 4). A large number of insects could 
be n o t e d in the v a s c u l a r rays. In ce r ta in instances more than one insect was 
found in a single ray-cel l (Fig. 5). T h e infested s t e m shows r emarkab l e devia-
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Fig. 5. Enlarged medu l l a ry rays with insect Fig. 6. A por t ion of the gall showing exces-
la rvae inside. X621 sive product ion. X 6 2 1 
t ion f rom the n o r m a l s tem in the deve lopment of t h e secondary t issues . Each 
cambia l layer f u n c t i o n s for a longer dura t ion t h a n in the n o r m a l s tem and 
f o r m s p a r e n c h y m a t o u s cells cor responding to ph loem cells t o w a r d s the outer 
s ide a t a rapid r a t e . These cells ins tead of get t ing conver ted into ph loem mature 
i n t o p a r e n c h y m a t o u s cells. A l though in the beg inning these cells a re arranged 
in regular t iers, a t l a te r stages due to shor tage of space and excessive produc-
t ion of p a r e n c h y m a the regular i ty in their a r r a n g e m e n t is d i s t u r b e d . Some 
of the cells develop th ick walls a n d remain in groups , while o the r s possess 
d a r k conten ts (Fig. 6). These cells are normal ly sca t te red or r ema in in small 
g roups . The f o r m a t i o n of vessels is much d i f f e ren t f rom t h a t of a normal 
s t e m , especially in size, shape of t h e cons t i tuen t cells and also in the amount 
of e lements p r o d u c e d . I t is no ted t h a t the infec ted p lants in one season pro-
duce several t imes more wood t h a n t h e no rma l ones. An excessive product ion 
of t racheids and p a r e n c h y m a t o u s cells and t h e absence of va scu l a r rays are 
t h e fea tures of in t e res t in the in fec ted s tem. I n t h e infected s t e m a large 
a m o u n t of p a r e n c h y m a is p roduced which r ema ins apo t rachea l and inter-
spersed between t h e t racheidal g roups which fo rm e i ther a comple te or broken 
r i ng around the p a r e n c h y m a . T h e eggs of insects are deposited in the wood 
p a r e n c h y m a cells. The insects h a t c h e d f rom these eggs are located in the cor-
t i ca l p a r e n c h y m a t o u s cells and in medul la ry rays . I n the former these insects 
a re located pericl inal ly and in t h e l a t t e r radia l ly . T h e dis in tegra t ion of these 
cells form lysigenously or iginated cavit ies (Fig. 7). In the s tem which is in-
duced to produce t h e gall, the t r ache ids d i f fe ren t i a t e in a radia l direction in 
c o n t r a s t to the longi tudinal d i f fe ren t ia t ion in a no rma l s tem. These vessels 
i n s t ead of fo rming longi tudinal series show a ring-like appearance . Each ring 
is composed of a n u m b e r of vessel e lements . Vessels in a gall o f t e n give a 
zig-zag appearance or resemble t h e shape of a crawl ing snake (Fig. 8). Develop-
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Fig. 7. Lysigenous cavit ies inside t h e gall Fig. 8. T h e tracheids f o r m e d af ter infect ion 
(C, cav i ty ) . x 6 2 1 showing the changed p a t t e r n . X621 
m e n t of spirally ar ranged vessel groups is also n o t uncommon (Fig. 8). In t h e 
f o r m e r , in be tween the vessels, t h e tracheids m a y assume t h e shape of mul t i -
se r ia te or un iser ia te rays (Fig. 8). These t r a ch e id a l elements differ f rom t h e 
n o r m a l t racheids in having an isodiametric shape . The end walls of t r an s -
verse ly a r ranged vessels i n s t ead of remaining s t ra igh t become oblique, t h u s 
resembl ing the e n d wall of a t r ache id . 
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Discussion 
The deve lopmen t of s t e m galls in Prosopis presents ce r t a in interest ing 
f e a t u r e s . The in fes ted stem p o r t i o n responses dis t inct ly to secondary g rowth . 
T h e growth r ings in a normal s t e m are very na r row, whereas in an infected 
s t e m they show an increased p roduc t ion of v a r i o u s types of cells b y the secon-
d a r y cambium. T h e cells p r o d u c e d towards t h e per iphery, i n s t ead of ge t t ing 
conver t ed into ph loem cells, m a t u r e into p a r e n c h y m a . A n o t h e r fea ture which 
is of significance is the comple t e cessation of t h e product ion of medul la ry 
r a y s which are ex t remely p r o m i n e n t in a n o r m a l s tem. In p lace of medul la ry 
r a y s , groups of p a r e n c h y m a t o u s cells are f o r m e d . 
In Prosopis spicigera t h e r e is an excessive product ion of apot rachea l 
p a r e n c h y m a in t h e abnormal s t e m . The t r ache ida l elements a re also p roduced 
in large a m o u n t s . The p a t t e r n of development of the vessel e lements is also 
changed considerably . The in i t ia l s of vascular e lements , i n s t ead of developing 
in to longi tudinal series, deve lop in an obl ique , t ransverse or spiral series. 
The d is t r ibu t ion of insects inside the s t e m provides a cur ious ins tance . 
T h e insects in t h e s tem are a l w a y s visible in t h e p a r e n c h y m a t o u s cells of t h e 
cor t ical region a r ranged in a per ic l inal d i rect ion and in the vascular rays in 
a rad ia l di rect ion. This special mode of d i s t r ibu t ion provides an in teres t ing 
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ins tance as it provides leas t resistance for these insects t o move in or o u t when 
the eaul ine gall m a t u r e s as the pores develop at the e n d s of the v a s c u l a r rays 
facing t h e cortical t i ssue . 
The biological associat ion of t h e insects in t h e s t em of Prosopis is in 
no way beneficial t o t h e p lant b u t br ings about severe d e t r i m e n t a l con-
sequences. The p roduc t ion of eauline galls causes t h e shor tening of t h e axis 
and t h e approx ima t ion of the nodes a n d , in ex t reme cases, the d e a t h of the 
b ranches produced a b o v e the level of t h e galls. 
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VARIETAL AND NITROGEN EFFECTS ON DOUGH 
CHARACTERS AND PROTEIN CONTENT OF SOME 
NEW HIGH YIELDING WHEAT VARIETIES 
By 
A . A U S T I N , H . D . S I N G H , G . S A D A S I V A N 
CUMMINGS LABORATORY, I N D I A N AGRICULTURAL RESEARCH INSTITUTE, NEW DELHI-12 
N i n e recent ly d e v e l o p e d high yielding w h e a t variet ies g r o w n under th ree l eve l s 
of n i t r o g e n fer t i l iza t ion w e r e t e s t ed for p r o t e i n c o n t e n t and d o u g h charac te r i s t ics s u c h 
as d o u g h d e v e l o p m e n t t i m e , s t ab i l i ty , m i x o g r a m area , e l a s t i c i t y , d o u g h d e v e l o p m e n t 
angle a n d p e a k height . T h e r e su l t s show t h a t v a r i e t a l d i f f e r e n c e s were s ign i f ican t f o r 
all t he c h a r a c t e r s whereas e f f e c t s due to n i t r o g e n were s ign i f i can t on ly for peak h e i g h t , 
e las t ic i ty a n d prote in p e r c e n t a g e . Consider ing t h e re la t ive d o u g h charac te r i s t i cs of t h e 
d i f f e r e n t va r ie t i e s , H e e r a , H D . 1 9 4 4 and H D . 1 9 4 9 have come o u t ve ry promis ing f o r 
d o u g h d e v e l o p m e n t t ime , s t a b i l i t y and m i x o g r a m area , the t h r e e c h a r a c t e r s p a r t i c u l a r l y 
i m p o r t a n t f r o m the s t a n d p o i n t of baking q u a l i t y . Correlat ion s t u d i e s showed t h a t d o u g h 
c h a r a c t e r s a re no t i n f l u e n c e d b y protein c o n t e n t . 
Introduction 
Recent s tudies conduc t ed with a n u m b e r of new h igh yielding w h e a t 
variet ies showed highly s ign i f i can t increases in the p ro t e in content of t h e 
grain due to ni t rogen fer t i l iza t ion and t h a t varietal d i f fe rences with r e g a r d 
to their response to the above t r e a t m e n t were also highly s ign i f i can t ( A U S T I N — 
M I R I 1 9 6 1 , A U S T I N — K U M A R — N A I R 1 9 7 1 ) . Beneficial e f f ec t s of n i t r ogen 
fert i l izat ion on the protein c o n t e n t in w h e a t grain were r epo r t ed earlier b y 
several workers ( H A L L I D A Y 1 9 6 0 , P F A F F 1 9 5 5 , L I N S E R 1 9 5 0 , P R I M O S T 1 9 6 0 ) . 
However , in format ion on t h e ef fec t of n i t rogen ferti l ization on physical d o u g h 
charac ters are r a the r s c a n t y . Since the m o d e r n improved wheat var ie t ies 
have been found to differ s igni f icant ly among themselves fo r dough charac te rs , 
s tudies have been ini t ia ted t o determine as to wha t e x t e n t t h e dough c h a r -
acterist ics are typical of a va r i e ty and how far these a r e influenced b y 
ni t rogen fer t i l izat ion. I n f o r m a t i o n on these aspects is v e r y useful to p l a n 
whea t p roduc t ion on the bas i s of quali ty par t icu la r ly w i t h reference to t h e 
special r equ i remen t s of the b a k i n g indus t ry . 
Material and Method 
The g ra ins of nine r e c e n t l y evo lved high y i e l d i n g variet ies r a i s e d u n d e r three l eve l s 
of n i t rogen n a m e l y , 0, 120 and 200 k g N/ha were t e s t e d . T h e samples w e r e milled in a B u h l e r 
a u t o m a t i c f l ou r mil l a n d the s t r a i g h t - r u n f lour o b t a i n e d w a s tested for d o u g h charac ters u s i n g 
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a mixogram. 30 g flour and 21 ml water were used for each test. F r o m the streaked d iagram 
(graph) ob ta ined , characters such as dough deve lopment time, s tab i l i ty , peak height, elast ici ty, 
angle of dough development and area of the curve were measured as indicated in Fig. 1. 
P ro te in (N X 5.7) content was estimated according to the u sua l macro-Kjeldahl me thod 
using 0.5 g f lour for each tes t . 
S ta t i s t ica l analysis: T h e da ta for the var ious characters obta ined with composi te 
samples were analyzed by using a two way tes ted classification. T h e effects of variet ies and 
levels were tes ted in the usua l manner using t h e variance rat io, interact ion being used as 
error. The appropr ia te critical differences and b a r diagrams are p resen ted . 
Resul t s 
The analysis of v a r i a n c e presented in Table 1 s h o w s t ha t va r i e t a l dif-
ferences were significant a t 1 pe rcen t level for all the c h a r a c t e r s except p ro te in 
percentage which was s igni f icant at 5 p e r cent level. Differences owing to 
ni t rogen were found to be signif icant fo r peak height , e las t ic i ty and p ro t e in 
percentage . 
The d a t a for the d i f f e r en t dough charac te rs and p r o t e i n content owing 
to va r i e ty a n d t r e a t m e n t differences a re presented in T a b l e s 2 and 3 respec-
t ively. I t is seen t ha t the va lues for dough development t i m e showed s ign i f ican t 
va r i e t a l differences. The m e a n values d u e to var iety a v e r a g e d over the ef fec ts 
of t r e a t m e n t varied f r o m 1.83 min. to 4 .66 min. The h i g h e s t dough develop-
men t t ime was given b y Heera , a h igh yielding t r ip le gene dwarf v a r i e t y 
recen t ly re leased for commerc ia l cu l t i va t ion . This v a r i e t y came out s ignif i-
Table 1 
Analysis of variance 
Dough time Development Stability Peak he ight 
D. F. M . s . F. M. s . F. M. s. F. 
Varieties 8 1.994 11.445** 0.784 12.957** 19.898 3.961** 
Nitrogen 2 0.377 N. S. 0.225 N. S. 65.148 12.969** 
Error 16 0.174 0.060 5.023 
Elasticity Dough deve lopmen t 
angle 
Mixogram area Pro te in 
M. s . F. M. s. F. M. s. F. M. s. F. 
Varieties 8.280 6.468** 403.870 11.880** 6.829 17.362** 1.529 2.951* 
Nitrogen 10.260 8.014** 87.370 2.570 1.890 4.805 7.147 13.796* 
N. S. N . S. 
Error 1.280 33.995 0.393 0.518 
Acta Agronomica Aeademiae Scienliarum Hungaricae 22, 1973 
V A R I E T A L AND N I T R O G E N E F F E C T S ON W H E A T 1 0 7 
cant ly supe r io r to all t he variet ies . The lowest value was given by H D . 1539 
which was a t pa r with 3 o the r var ie t ies namely D. 2117, Ka lyansona and 
Pusa L e r m a . 
As for dough s tab i l i ty , the mean va lues due to v a r i e t y averaged over 
the effects of nitrogen va r i ed from 0.58 to 2.18 min. H D . 1944 showed the 
highest v a l u e . Heera, E A . 222-1 and H D . 1949 were a t p a r with each o the r . 
The s t ab i l i t y was lowest in D. 2117. T h i s var ie ty was a t pa r with H D . 1539 
which again was at pa r w i th Pusa L e r m a . 
H e e r a w i th a mean value of 9 .07 cm 2 for m i x o g r a m area c a m e out 
s ignif icant ly superior to t h e rest of the var ie t ies . The lowest value of 4 .50 cm2 
was found in H D . 1537 a n d this v a r i e t y was at par w i t h 4 other v a r i e t i e s 
namely D. 2117, EA. 222-1, Pusa L e r m a and HD. 1674. I t may be n o t e d 
t h a t va r ie t i es such as H e e r a , H D . 1944, H D . 1674, E A . 222-1 and H D . 1949 
in general h a d come out super ior to t h e r e s t of the var ie t i es for mix ing t ime , 
s tabi l i ty a n d mixogram a rea . Ka lyansona , a l though was s imilar to Pusa L e r m a 
and D. 2117 for mixing t ime , was s ign i f i can t ly super ior to the a b o v e two 
varieties fo r s tabi l i ty and mixogram a r e a . 
The s igni f icant ly h ighes t value of 14 mm for e las t ic i ty was f o u n d in 
H D . 1944. W i t h the values vary ing b e t w e e n 8.67 to 11.33 m m the res t of the 
varieties n a m e l y D. 2117, H D . 1539, H e e r a , HD. 1949, H D . 1674 a n d E A . 
222-1 were a t par with Ka lyansona or P u s a Lerma. T h e da ta for a n g l e of 
dough deve lopmen t show a range of va r i a t i on from 36° to 75°. Var ie t i e s 
such as H D . 1539, I). 2117, Kalyansoan a n d Pusa Lerma which had g iven low 
values for d o u g h deve lopment time h a d shown higher values for a n g l e of 
dough deve lopmen t . Conversely, var iet ies such as Heera , H D . 1944, H D . 1674, 
EA. 222-1 a n d HD. 1949 hav ing re la t ive ly higher dough deve lopment t i m e 
had lower angle of dough deve lopment . 
The p e a k height of t h e mixogram va r i ed from 38.00 mm to 44.33 m m . 
Tlie va r ie ta l differences were s ignif icant . I t may be n o t e d t h a t variet ies (such 
as Heera, P u s a Lerma, e tc . ) which d i f f e r ed markedly a m o n g themselves for 
the var ious characters par t icu la r ly d o u g h development t ime , s tabi l i ty , angle 
of dough deve lopment and mixogram a r e a , had more or less similar v a l u e s 
foi peak he igh t . I t appears t h a t this c h a r a c t e r cannot be t a k e n as an i n d i c a t o r 
for the d iscr iminat ion of var iet ies . 
The p ro te in content in these va r i e t i e s varied f r o m 11.93 to 14.36 per 
cent. The v a r i e t a l differences were h igh ly significant. T h e highest v a l u e of 
14.36 per cen t was found in Pusa Le rma , an amber gra in m u t a n t deve loped 
a t the I n d i a n Agricul tura l Research I n s t i t u t e f rom t h e red-grained h igh 
vi 'Iding Mexican dwarf v a r i e t y Lerma R o j o . 
The impor tance of dough c h a r a c t e r s in de te rmin ing bread m a k i n g 
qual i ty h a d been pointed ou t by severa l workers. According to S W A N S O N 
( 1 9 4 3 ) , J O H N S O N et al. ( 1 9 4 3 ) and S H U E Y — G I L L E S ( 1 9 6 6 ) , some of t h e desir-
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Table 2 
The values for the various dough characters due to varieties and nitrogen levels 
Variety Character 
Ni t rogen levels Mean d u e 
N„ N l s , N 
to v a r i e t y 
Heera Mix ing t ime 4.50 5.00 4.50 4.66 
S tab i l i ty 2.00 2.00 2.00 2.00 
Mixogram area 9.00 9.10 9.10 9.07 
E las t i c i ty 11.00 11.00 11.00 11.00 
D o u g h development 
ang le 35.00 35.00 38.00 36.00 
P e a k height 35.00 39.00 40.00 38.00 
P ro t e in 12.23 12.61 14.13 12.99 
H D . 1949 Mixing time 3.00 3.50 2.75 3.03 
S tab i l i ty 2.00 1.25 2.00 1.75 
Mixogram area 6.30 6.40 6.50 6.40 
Elas t ic i ty 9.00 10.00 9.00 9.33 
D o u g h development 
ang le 53.00 45.00 55.00 51.00 
P e a k height 40.00 40.00 38.00 39.33 
P ro t e in 12.02 13.00 13.20 12.74 
H D . 1674 Mixing time 3.50 3.50 3.00 3.33 
S tab i l i ty 1.75 1.75 1.25 1.58 
Mixogram area 3.50 6.10 6.90 5.50 
E las t i c i ty 7.00 9.00 10.00 8.67 
D o u g h development 
angle 43.00 48.00 55.00 48.76 
P e a k height 35.00 43.00 45.00 41.00 
P r o t e i n 11.52 13.16 13.25 12.64 
E A . 222-1 Mix ing t ime 2.25 4.00 3.50 3.25 
S tab i l i ty 2.00 1.50 2.00 1.83 
Mixogram area 4.50 5.30 5.70 5.10 
Elas t ic i ty 7.00 10.00 9.00 8.67 
D o u g h development 
ang le 59.00 40.00 48.00 49.00 
P e a k height 36.00 40.00 38.00 38.00 
P ro t e in 11.73 12.36 12.78 12.29 
H D . 1944 Mixing time 3.25 3.75 3.50 2.50 
S tab i l i ty 2.25 2.00 2.00 2.08 
Mixogram area 6.60 8.20 8.50 7.77 
E las t i c i ty 12.00 15.00 15.00 14.00 
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Table 2. ( c o n t . ) 
Variety Character 
Nitrogen levels Mean d u e 
N . N .o . 
to v a r i e t y 
D o u g h development 
angle 50.00 49.00 50.00 49.67 
P e a k height 40.00 45.00 45.00 45 .33 
P ro t e in 12.32 12.61 12.70 12.54 
H D . 1539 Mixing time 2.00 1.75 1.75 1.83 
S tab i l i ty 1 . 0 0 1 . 0 0 0.50 0 .83 
Mixogram area 4.50 4.00 5.00 4.50 
Elas t ic i ty 9.50 10.00 14.00 11.17 
D o u g h development 
angle 71.00 75.00 79.00 75.00 
P e a k height 40.00 43.00 50.00 44.33 
P r o t e i n 11.94 13.33 15.06 13.44 
Pusa Lerma Mixing time 3.00 2.50 2.00 2.50 
S tab i l i ty 1 . 0 0 1 . 0 0 1.25 1.08 
Mixogram area 5.00 5.70 5.40 5.37 
Elas t ic i ty 8.00 10.00 12.00 10.00 
D o u g h development 
angle 49.00 60.00 70.00 59.67 
P e a k height 34.00 40.00 43.00 39.00 
P ro t e in 11.77 14.35 16.45 14.36 
Kalyansona Mixing time 2.50 3.00 2.00 2.50 
S tab i l i ty 2.00 1.25 1.50 1.58 
Mixogram area 7.30 7.10 7.20 7.20 
E las t i c i ty 10.50 9.00 1 1 . 0 0 10.17 
D o u g h development 
angle 62.00 58.00 72.00 64.00 
P e a k height 42.00 45.00 45.00 44.00 
P ro t e in 13.50 12.11 12.38 11.93 
D. 2117 Mixing time 2.50 2.25 2.75 2.50 
S tab i l i ty 1 . 0 0 0.50 0.50 0.59 
Mixogram area 4.80 5.00 5.30 5 .03 
Elas t ic i ty 10.00 12.00 12.00 11.33 
D o u g h development 
angle 61.00 70.00 63.00 66.00 
P e a k height 40.00 45.00 43.00 42.66 
P ro t e in 12.91 13.08 13.75 13.25 
C.D. for va r i e t a l means: 1. 0.72; 2. 0.42; 3. 1.09; 4. 1.96; 5. 10.09; 6. 3.88; a n d 7. 1.24 
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Table 3 
Mean values due to nitrogen averaged over the effects of varieties 
Characters 
Nitrogen levels 
N . N 120 •^ 200 
Mixing t ime 3.55 3.36 2.86 
S t a b i l i t y 1.67 1.36 1.44 
M i x o g r a m area 5.72 6.32 6.62 
E l a s t i c i t y 9.33 10.66 11.44 
Dough development angle 53.67 53.33 58.89 
Peak h e i g h t 38.00 5.22 43.00 
P ro t e in 11.97 13.01 13.74 
C.D. for n i t rogen levels: (1) N , S; (2) N. S . ; (3) N. S.; (4) 1 .12 ; (5) N. S.; (6) 2.23. 
a n d (7) 0.74 
Fig. 1. M i x o g r a m characters. (A = Peak height; В Dough deve lopmen t ; С = S t a b i l i t y ; 
D = E las t i c i ty ; E = Angle of dough deve lopment ) 
able dough charac ter is t ics f r o m the s t a n d p o i n t of b r e a d making are h i g h 
mixing t o l e r ance , longer d o u g h deve lopmenta l period a n d higher va lues for 
t h e width a n d area of the curve . Consider ing the re la t ive dough c h a r a c t e r -
istics of t h e d i f fe ren t var ie t ies , Heera, H D . 1944 and H D . 1949 have c o m e 
ou t pa r t i cu la r ly promising fo r characters such as dough development t i m e , 
stabil i ty a n d mixogram a rea . 
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Table 4 
Correlations between protein percentage and dough characters 
Levels P X M T Pxs P X P H P X E P X A N PX AR 
N. 0.113 - 0 . 2 5 7 0.158 0.458 — 0.022 0.112 
(0.30) (0.70) (0.42) (1.37) (.0.06) (0.30) 
Nr — 0.484 - 0 . 4 0 1 — 0.277 — 0.128 0.388 - 0 . 3 8 4 
(1.46) (1.16) (0.76) (0.34) (1.11) (1.10) 
N2 - 0 . 3 5 5 - 0 . 4 5 5 0.242 0.278 - 0 . 3 9 7 - 0 . 4 2 4 
(1.00) (1.35) (0.66) (0.76) (1.14) (1.24) 
P — Pro te in ; MT — Mixing t i m e ; S — S tab i l i t y ; PH — P e a k Height ; E — 
E l a s t i c i t y ; AN — Angle of Dough D e v e l o p m e n t ; A R — Area of M i x o g r a m . 
The f igures w i th in brackets s h o w t h e t-values. T a b l e d value of t a t 5 % level of prob-
ab i l i ty and 7 degrees of freedom is 2 .365. 
Effect of nitrogen: As for the effect of nitrogen, a s ignif icant increase 
in elasticity was found with 120 kg.N/ha but with additional dose there was 
no effect. The same trend was observed for peak-height and protein (Table 3 
and Fig. 2). 
Correlation coefficients between protein percentage and each of the 
other 6 characters for each level of fertilization were worked out and the data 
presented in Table 4. None of the coefficients were found to be statistically 
significant which means that dough characters are independent of protein 
content . 
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Table 5 
Varieties in order of merit for the various characters 
Dough development t ime 
(in min.) 
Stability (in min.) 
Area (cm2) 
Elasticity (in mm) 
Angle of dough development 
(in degrees) 
Peak height (in mm) 
Protein (%) 
Ileera H D 1944 I1D1674 EA222-1 H D 1949 Kalyan- Pusa D2177 I ID 1539 
4.66 3.50 3.33 3.25 3.03 sona I.erma 2.50 1.83 
2.50 2°50 
IID1944 Ileera EA222-1 IID1949 Kalyan- IID1674 Pusa IID1539 D2117 
2.08 2.00 1.83 1.75 sona 1.58 Lerma 0.83 0.59 
1.58 1.08 
Ileera I1D1944 Kalyan- I1D1949 HD1674 Pusa EA222-1 D2117 HD153 
9.07 7.77 sona 6.40 5.50 Lerma 5.17 5.03 4.50 
7.20 5.37 
IID1944 D2117 HD1539 Ileera Kalyan- Pusa HD1949 IID1674 EA222-1 
14.00 11.33 11.17 11.00 sona Lerma 9.33 8.67 8.67 
10.17 10.00 
I1D1539 D2117 Kalyan- Pusa IID1949 HD1944 EA222-1 I ID) 674 Ileera 
75.00 66.00 sona Lerma 51.00 49.67 49.00 48.67 36.00 
64.00 59.67 
HD1539 Kalyan- HD1944 D2117 I1D1674 IID1949 Pusa EA222-1 I leera 
44.33 sona 43.33 42.66 41.00 39.33 Lerma 38.00 38.00 
44.00 39.00 
Pusa HD1539 D2117 Ileera HD1949 HD1674 IID1944 EA222-1 Kalyan-
Lerma 13.44 13.25 12.99 12.74 12.64 12.54 12.29 sona 
14.36 11.93 
1 1 4 A. A U S T I N et al. 
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DISTRIBUTION OF TOTAL B, Cu, Mn AND Mo CONTENTS 
IN THE PROFILES OF SOME SOIL TYPES IN THE 
LITTLE PLAIN*, AND ITS RELATIONSHIP TO CERTAIN 
SOIL CHARACTERISTICS 
B y 
B . K E R E S Z T É N Y 
U N I V E R S I T Y O F A G R I C U L T U R E , K E S Z T H E L Y , FACULTY O F AGRONOMY, MOSONMAGYARÓVÁR, 
D E P A R T M E N T OF C H E M I S T R Y A N D SOIL S C I E N C E , MOSONMAGYARÓVÁR 
T h e t o t a l boron , coppe r , m a n g a n e s e a n d m o l y b d e n u m c o n t e n t s were d e t e r m i n e d 
in prof i les of h u m o u s a l luv ia l , c h e r n o z e m - m e a d o w , typ ica l m e a d o w a n d m u c k -
m e a d o w soils deve loped a b o v e t h e de t r i t a l c o n e of t h e D a n u b e as wel l as in those of 
rec la imed a n d p l o t t e d fens. I n all t h e s tud ied soil t y p e s t he mic ro - e l emen t s a c c u m u l a t e d 
in t he u p p e r l a y e r , in q u a n t i t i e s 1.67— 3.06 t i m e s a s h igh as in t he p a r e n t or base r o c k . 
H o w e v e r , o w i n g t o a s t r a t i f i c a t i o n of a l luvia l or ig in a m i c r o - e l e m e n t accumula t ion , 
was s o m e t i m e s f o u n d in t h e В or С hor izons t o o . T h e mul t ip le r eg res s ion e q u a t i o n s 
show t h a t t h e bo ron , copper a n d m a n g a n e s e c o n t e n t s were the h i g h e s t in soil s a m p l e s 
con ta in ing 8 .5 , 7.1 and 5.0 p e r c e n t organic m a t t e r respec t ive ly . I n s a m p l e s w i th e i t he r 
ex t r eme ly l o w or ex t r eme ly h i g h organic m a t t e r c o n t e n t s t he q u a n t i t y of t he m i c r o -
e lemen t s w a s equa l ly low. T h e m o l y b d e n u m c o n t e n t , on the o t h e r h a n d , inc reased in 
direct r a t i o t o t h e increase in t h e o rgan ic m a t t e r c o n t e n t s of t he soil s a m p l e s . The c o p p e r 
c o n t e n t w a s h ighe r in soils r i c h in s table h u m u s , whi le the m o l y b d e n u m c o n t e n t in 
those r i ch i n non- s t ab le h u m u s . 
I n soils of low organic m a t t e r c o n t e n t t h e biological and a d s o r p t i v e a c c u m u l a t i o n 
of t he m i c r o e l e m e n t s s tud ied w e r e equa l ly s i g n i f i c a n t , whi le in soils w i t h h igh o r g a n i c 
m a t t e r c o n t e n t s t he m o l y b d e n u m c o n t e n t a c c u m u l a t e d main ly b io logica l ly , a n d t h e 
copper a n d m a n g a n e s e c o n t e n t s t h r o u g h a d s o r p t i o n . The s tud ied m i c r o e l e m e n t con-
ten t s were n o t in f luenced b y so lub i l i ty cond i t ions d e p e n d e n t on c h e m i c a l r eac t ion ( p H ) . 
Introduction 
Soils in t h e Li t t le Plain a re most ly of a n alluvial, che rnozem, meadow 
or moory c ha ra c t e r . They are especially su i t ab l e for s t u d y i n g the ver t ica l 
d is t r ibut ion of microelement con ten t , as t h e different t y p e s of soils a re 
di rect ly side b y side, and the i r organic m a t t e r contents r ange be tween wide 
l imits . 
Of the m o s t impor t an t f i ve microelements the d i s t r ibu t ion of the t o t a l 
zinc content in these soils was s tudied by S i x — L U K A C S Y ( 1 9 6 9 ) , t he re fo re 
th is t ime only t h e total con ten t s of boron, coppe r , manganese a n d molybde-
n u m were inves t iga ted . 
The ve r t i ca l distr ibution of the to ta l microelement c o n t e n t s depends 
on m a n y fac to r s . One of these fac tors is t h e t y p e of the soil. 
According to inves t igat ions made by P E J V E ( 1 9 6 4 ) , B A J E S C U — C H I R I A C 
( 1 9 6 4 ) and P A L A V E E V ( 1 9 5 8 ) t h e d is t r ibut ion of the tota l b o r o n con ten t in 
* Region in t h e n o r t h - w e s t e r n p a r t of H u n g a r y . 
5* Acta Agronomica Academiae Scientiarum Hungaricae 22, 1973 
1 1 6 В. K E R E S Z T É N Y 
chernozem soils is r a t h e r uniform. G Y Ő R I ( 1 9 5 8 ) f o u n d boron accumula t ion in 
the lower horizons of a moor profile. 
According to D O N C H E V ( 1 9 5 9 ) , A B A B I et al. ( 1 9 6 5 ) , B A J E S C U — C H I R I A C 
( 1 9 6 4 ) , G Y Ő R I ( 1 9 5 8 , 1 9 6 2 ) , D O B R O L Y U B S K I Y — K O Z U L Y A ( 1 9 6 6 ) a n d H O H L O V A 
( 1 9 6 7 ) t h e to ta l copper content in chernozem soils general ly decreased with 
dep th ; G Y Ő R I ( 1 9 5 8 ) f o u n d the same phenomenon in a meadow soil. The 
d is t r ibu t ion of the c o p p e r content in t h e profile was found to va ry in moors 
by W I N O G R A D O W ( 1 9 5 4 ) , G Y Ő R I ( 1 9 5 8 ) and D O N C H E V ( 1 9 5 9 ) , while in P u n j a b 
soils b y B A N D H A W A — K A N W A R ( 1 9 6 4 ) . 
I n t h e chernozem soil profiles s tud ied b y V L A S Y U K ( 1 9 6 4 ) , W I N O G R A -
D O W ( 1 9 5 4 ) , D O B R I T Z K A Y A ( 1 9 6 7 ) , H O H L O V A ( 1 9 6 7 ) , A N D O N I K O V et al. ( 1 9 6 7 ) , 
B E I D — W E B S T E R ( 1 9 6 9 ) , B A J E S C U — C H I R I A C ( 1 9 6 4 ) a n d G Y Ő R I ( 1 9 6 2 ) t h e to ta l 
manganese content w a s t h e highest in t h e upper hor izon , however , in o ther 
chernozem soils a d i f f e r e n t d is t r ibut ion was f o u n d b y A B A B I et al. ( 1 9 6 5 ) , 
Szűcs — E L E K ( 1 9 6 2 ) , C Z O P F ( 1 9 6 4 ) , G Y Ő R I ( 1 9 5 8 ) , and T O N K O N O Z H E N K O 
( 1 9 6 4 ) . I n meadow a n d moor soils, on the other h a n d , it was in t h e lower 
horizons t h a t G Y Ő R I ( 1 9 5 8 ) , B E I D — W E B S T E R ( 1 9 6 9 ) and C Z O P F ( 1 9 6 4 ) ob-
served a manganese accumula t ion . 
According to r e su l t s obtained b y G O R B A C H E V A ( 1 9 7 1 ) , D O B R I T Z K A Y A 
( 1 9 6 7 ) , A B A B I et al. ( 1 9 6 5 ) , and G Y Ő R I ( 1 9 6 2 ) the t o t a l molybdenum con ten t 
also accumula te s in t h e u p p e r layers of chernozem soils; a different d i s t r ibu-
tion of m o l y b d e n u m w a s found, however , b y H O H L O V A ( 1 9 6 7 ) , W I N O G R A D O W 
( 1 9 5 4 ) , D O B R I T Z K A Y A ( 1 9 6 2 , 1 9 6 4 ) , A D E R I H I N — P R O T A S O V A ( 1 9 7 0 ) , A N D R O N I -
KOV et al. ( 1 9 6 7 ) , T O N K O N O Z H E N K O ( 1 9 6 4 ) , Szűcs — E L E K ( 1 9 6 2 ) a n d C Z O P F 
( 1 9 6 4 ) . A vary ing m o l y b d e n u m d i s t r ibu t ion was f o u n d by C Z O P F ( 1 9 6 4 ) in 
meadow a n d alluvial soils too. In moor soils s tudied b y V I S I N T I N I R O M A N I N 
( 1 9 6 1 ) , G Y Ő R I ( 1 9 5 8 ) a n d S Z A L A Y et al. ( 1 9 7 0 ) the m o l y b d e n u m accumula t ed 
in the hor izon i m m e d i a t e l y below t h e sur face soil. 
T h e l i terary d a t a l is ted give ev idence of the f a c t t h a t the d i s t r ibu t ion 
of microelements in t h e soil profile depends — in addi t ion to t h e t y p e of 
the soil — on other f a c t o r s too. 
P E N K O V (1967), B A J E S C U — C H I R I A C (1968, 1964), V I N A Y A K et al. (1967), 
Szűcs — E L E K (1962), D O B R I T Z K A Y A (1964), K E R E S Z T É N Y — N A G Y (1960) and 
V I S I N T I N I B O M A N I N (1961) pointed ou t a posit ive correla t ion be tween to t a l 
microelement content a n d organic m a t t e r conten t , t h o u g h G O R L A C H (1963) 
found no such corre la t ion in the a l luvia l soils s tud ied by him. 
An unambiguous pos i t ive correlat ion was similarly demons t ra t ed be tween 
clay f r a c t i o n or pe rmeab i l i t y and t o t a l microelement content by O B U H O V 
(1968a), L U P I N O V I C H — D U B I K O V S K I Y (1966), R A N D H A W A — K A N W A R (1964), 
C O N N O R et al. (1957), V E R I G I N A (1961) a n d G Y Ő R I (1962) in relation t o cop-
per, and b y G O N Z A L E S G A R C I A — M A Z U E L O S V E L A (1960b) and V L A S Y U K (1964) 
as to manganese . 
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The re la t ionship between microelement c o n t e n t s and p H - v a l u e was 
s t ud i ed by B A J E S C U — C H I R I A C ( 1 9 6 4 ) and P E N K O V ( 1 9 6 7 ) in re la t ion to boron, 
b y V I N A Y A K et al. ( 1 9 6 7 ) , Y L A S Y U K ( 1 9 6 4 ) and Szűcs — E L E K ( 1 9 6 2 ) as to 
manganese , and b y Szűcs — E L E K ( 1 9 6 2 ) again concerning the m o l y b d e n u m 
c o n t e n t . Correlations were ei ther dependen t on t h e site and soil t y p e , or no 
correlat ion at all could be po in ted ou t . In some soil samples F I L I P O V I C et al. 
( 1 9 6 1 ) found a nega t ive correlat ion between t h e t o t a l copper c o n t e n t and 
t h e pH-va lue . 
Lime conten t showed a posi t ive correlation w i th the total b o r o n content 
a n d a negat ive one wi th the copper content in samples s tudied b y O B U H O V 
(1968b), and a nega t ive correlation again with the manganese c o n t e n t accord-
ing to G O N Z A L E S G A R C I A — M A Z U E L O S V E L A (1960a). 
I t was with t h e view of a de ta i led fu r the r s t u d y on these correla t ions 
t h a t soil profiles of t h e plain in nor th-wes tern H u n g a r y were e x a m i n e d . 
Material and Method 
T h e soil prof i les s t u d i e d were o b t a i n e d f r o m the d i s t r i c t s of M o s o n m a g y a r ó v á r , H o r v á t -
k i m l e a n d Lébény . T h e i r p a r e n t rock is a n a l luvia l deposi t of t h e D a n u b e . T h e i r t y p e s were 
d e t e r m i n e d by the m e t h o d s of STEFANOVITS (1963) and SZABOLCS et al. (1966). 
T h e d a t a of t h e bas ic e x a m i n a t i o n a r e f o u n d in a p u b l i c a t i o n by KERESZTÉNY (1970). 
T h e t o t a l mic roe lement c o n t e n t s in t h e m were de t e rmined f r o m solut ions o b t a i n e d b y soil 
d i g e s t i o n p e r f o r m e d in a w a y descr ibed b y RINKIS (1960). T h e b o r o n con ten t w a s d e t e r m i n e d 
w i t h t h e m e t h o d desc r ibed by KERESZTÉNY (1966) : wi th q u i n a l i z a r i n r eagen t a f t e r a solution 
c o n t a i n i n g chloride t o o w a s a d d e d ; t h e c o p p e r con ten t w i t h d i th i zone in t h e p resence of 
a s c o r b i c acid, according t o t h e descr ip t ion of KERESZTÉNY (1970) ; t h e m a n g a n e s e c o n t e n t with 
a m m o n i u m - p e r o x y - d i s u l p h a t e b y the use of A c a t a lyze r m i x t u r e descr ibed by SZÉKELY (1963); 
a n d t h e m o l y b d e n u m c o n t e n t was d e t e r m i n e d w i t h the t e c h n i q u e u sed by KERESZTÉNY (1968). 
T h e e x a m i n a t i o n d a t a a r e all average v a l u e s of t h e d e t e r m i n a t i o n s m a d e f r o m t w o d i f fe ren t 
d iges t ions , th is m a d e t h e c o m p u t a t i o n of t h e s ignif icant d i f f e r e n c e s possible. 
T h e d i s t r ibu t ion of t h e average m i c r o e l e m e n t c o n t e n t s in t h e profi les of t h e s tudied 
soil t y p e s was d e t e r m i n e d in t h e fol lowing w a y : d a t a of the s a m e hor izons wi th in a soil profi le 
were a v e r a g e d s e p a r a t e l y , t h e n , t ak ing t h e va lue s of ident ica l ho r i zons in p ro f i l e s belonging 
to t h e s a m e soil t y p e fo r r ep l i ca t ions , t he m e a n va lue s were c a l c u l a t e d for each h o r i z o n . In this 
w a y s ign i f i can t d i f fe rences could be d e t e r m i n e d be tween t h e mic roe l emen t c o n t e n t s of the 
ho r i zons . W h e n ave rag ing we did no t use t h e d a t a of two moor soil prof i les (Nos 358. a n d 368.) 
as s a m p l e s were not t a k e n f r o m each hor izon s e p a r a t e l y ; however , in t h e corre la t ion ca lcu la t ions 
t hese p ro f i l e s were used as well. 
T a k i n g all s a m p l e s a s a basic mass m u l t i p l e regression e q u a t i o n s were set u p t o express 
t he n u m e r i c a l cor re la t ions b e t w e e n the m i c r o e l e m e n t c o n t e n t s a n d o the r soil r e s e a r c h da t a . 
The ca l cu l a t i ons were m a d e according to SNEDECOR (1957). 
Resul t s 
T h e tota l microe lement con ten t s in profiles of d i f fe rent soil t y p e s are 
p resen ted in Tables 1 — 5. 
According to t h e da t a of Table 1 the microe lement conten ts s tudied 
decreased tvith dep th in all three h u m o u s alluvial soil profi les; in t h e 120 — 
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Table 1 
Total microelement contents in humous alluvial soils 
N u m b e r 
Depth of sampl ing Total microelement con ten t mg/kg 
c m 
В Cu Mn Mo 
114 0 — 2 0 15.0 23.0 499 1.04 
20—40 14.2 21.2 492 0.97 
40—80 11.0 19.0 284 0.72 
80—100 12.8 19.9 469 1.41 
100—120 9.2 16.4 335 0.85 
120—150 14.4 25.8 476 1.05 
S.d -5% 1.6 4.8 99 0.38 
236 0—20 18.2 21.5 435 1.06 
20—40 14.6 20.0 403 1.03 
40—60 14.2 17.1 391 1.00 
S . d . 5 % 4.6 11.2 0 0.15 
247 0—30 15.8 20.9 246 1.13 
30—60 13.0 21.7 185 0.75 
60—90 15.8 21.2 178 0.57 
90—100 15.2 17.5 183 0.61 
100—200 11.4 16.6 164 0.49 
S - d - 5 % З.ч» 6.8 
И 
0.07 
150 cm layer of p ro f i l e No. 114., however, boron and copper, a n d in the 80— 
100 cm layer m a n g a n e s e and m o l y b d e n u m showed s ignif icant ly high values. 
While in t h e profiles of che rnozem-meadow soils con ta ined in Table 2 
t h e microelement contents s imi la r ly decrease w i t h depth, in t h e lower hori-
zons of each p ro f i l e there occur s ignif icant ly h igh values, especially in t h e 
manganese and m o l y b d e n u m c o n t e n t s . 
The da ta of Table 3 show t h a t in the prof i les of the typ ica l meadow 
soils studied t h e dis t r ibut ion of t h e microelements is similar t o t h a t in cher-
n o z e m meadow soils. I t is i n t e r e s t i ng tha t in p rof i l e No. 109. t h e to ta l boron 
a n d manganese con ten t s show unusual ly high values in t h e 100 — 120 cm 
l a y e r , while t h e t o t a l copper c o n t e n t in the 80 —100 cm layer . 
The same c a n be said a b o u t the vertical d is t r ibut ion of t h e to ta l boron, 
copper , manganese and m o l y b d e n u m con t en t s in the muck-meadow soils 
p resen ted in T a b l e 4 as in t h e case of typ ica l meadow soils. 
Table 5 s h o w s t ha t in t h e s tud ied recla imed and p lo t ted fens the ver t ica l 
d is t r ibut ion of t h e four microe lements was t h e same as in t h e former soil 
t y p e s . 
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Table 2 
Total microelement content in chernozem-meadow soils 
Number Depth of sampling 
Total microelement content mg/kg 
cm 
В 
Си Ma Mo 
74 0 - 2 0 16.2 29.7 525 1.48 
2 0 - 4 0 21.6 30.7 537 0.96 
4 0 - 6 0 16.6 31.7 394 1.08 
6 0 - 1 0 0 17.0 34.0 396 0.96 
1 0 0 - 1 4 0 13.6 12.9 423 0.86 
S-d.5 % 2.6 5.2 68 0.27 
93 0 - 2 0 20.0 37.2 504 1.25 
2 0 - 3 3 14.4 33.4 441 1.22 
3 3 - 5 2 13.2 29.7 412 1.27 
5 2 - 6 3 15.6 37.8 311 1.04 
6 3 - 9 0 11.2 30.5 594 1.18 
9 0 - 1 0 5 13.2 22.9 535 1.05 
1 0 5 - 1 2 5 12.8 18.1 693 1.26 
1 2 5 - 1 4 5 14.2 18.5 520 1.13 
145—170 3.8 9.4 224 0.52 
S.d.5 % 2.8 6.5 77 0.22 
102 0 - 2 0 18.0 61.7 345 1.12 
2 0 - 3 0 19.0 36.2 386 1.05 
3 0 - 6 2 16.4 34.5 389 1.02 
6 2 - 7 5 15.0 39.4 246 0.80 
7 5 - 1 2 0 13.4 30.3 409 0.65 
1 2 0 - 1 4 0 11.6 29.2 363 0.61 
S-d-5% 4.4 7.3 16 0.12 
175 0 - 2 0 15.8 33.9 466 0.89 
2 0 - 4 0 16.4 42.1 434 0.95 
40—60 16.0 43.0 289 1.08 
6 0 - 1 0 0 11.2 28.9 247 2.27 
1 0 0 - 1 2 0 8.0 13.6 90 0.93 
120—150 7.0 9 .3 56 0.39 
S-d.5% 2.8 5.6 76 0.51 
240 0 - 3 0 21.6 31.6 546 1.20 
3 0 - 5 0 20.4 30.3 740 1.09 
50—70 20.0 28.8 780 1.08 
70—90 20.4 31.0 635 0.99 
9 0 - 1 0 0 18.6 35.6 437 0.92 
1 0 0 - 1 2 0 18.6 51.0 317 0.75 
120—130 17.0 26.4 387 1.25 
S.d.5% 3.8 3.6 74 0.10 
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Table 3 
Total microelement content in typical meadow soil profiles 
Number 
D e p t h of sampling Total microelement content mg /kg 
cm 
B Cu Mn Mo 
109 0 - 2 0 14.0 50 .3 262 0.95 
2 0 - 3 0 12.6 42.0 208 0.96 
5 0 - 8 0 11.6 37.0 193 1.20 
8 0 - 1 0 0 9.8 50.8 191 1.23 
1 0 0 - 1 2 0 13.4 26.4 249 1.21 
2.0 6 .3 57 0.22 
166 0 - 2 0 17.2 48 .1 271 0.78 
2 0 - 6 0 13.0 34.6 247 0.58 
6 0 - 7 0 8.2 27.5 167 0.62 
7 0 - 9 0 6.0 8.0 58 0.20 
S.d.5% 3.6 3.6 22 0.34 
Table 4 
Total microelement content in muck-meadow soils 
N u m b e r 
D e p t h of sampling Total microelement content mg /kg 
cm 
В Cu Mn Mo 
404 0 - 2 0 19.6 64.1 428 1.43 
2 0 - 5 0 15.0 45.9 384 1.92 
5 0 - 7 0 13.8 26.0 232 1.53 
7 0 - 8 0 15.0 12.1 421 2.15 
8 0 - 1 0 0 17.8 14.7 371 1.54 
1 0 0 - 1 2 0 14.6 15.4 194 1.68 
S.d.5% 2.6 11.2 68 0.70 
410 0 - 5 16.8 61.4 358 1.38 
5 - 3 0 19.6 61.0 388 2.16 
3 0 - 4 0 13.8 24.5 737 2.50 
4 0 - 5 0 15.0 11.9 748 2.30 
5 0 - 7 0 13.8 22.0 646 1.65 
7 0 - 9 0 14.4 12.4 458 1.58 
S.d.5% 3.8 6.6 85 0.56 
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Table 5 
Total microelement content in reclaimed and plotted fens 
Number 
D e p t h of sampling Total microelement content mg/kg 
em 
В Си Mn Mo 
163 0 - 2 0 14.8 51.1 449 7.20 
20—40 13.2 20.0 185 4.42 
4 0 - 6 0 12.8 12.9 208 1.40 
S.d. 5 % 0.0 6.1 30 2.90 
189 0 - 1 0 14.4 63.9 548 4.74 
1 0 - 2 0 18.2 67.8 225 15.72 
2 0 - 4 0 14.2 73.6 149 5.02 
4 0 - 5 0 14.0 15.8 190 1.75 
5 0 - 7 0 12.2 11.2 118 0.92 
7 0 - 9 0 7.8 7.9 89 0.55 
9 0 - 1 1 0 12.0 17.1 139 0.93 
S-d. 5 % 3.8 5.6 32 2.52 
197 0 - 2 0 14.6 57.0 181 7.34 
2 0 - 3 0 13.6 14.9 173 5.42 
3 0 - 5 0 10.6 12.2 144 4.18 
5 0 - 7 0 11.6 13.2 161 1.01 
7 0 - 90 17.4 12.7 148 0.57 
S .d . s % 6.8 2.0 14 0.37 
358 0 - 4 0 15.6 49.0 231 15.96 
40—160 9.4 38.3 156 19.71 
1 6 0 - 1 8 0 13.0 41.2 197 16.03 
S-d-5% 4.0 27.0 30 3.80 
368 0 - 1 3 0 13.8 50.7 334 9.16 
130—170 16.6 33.2 157 6.88 
170—250 11.4 22.6 175 8.76 
S .d . 5 % 8.4 10.0 30 5.10 
The ex t r eme ly high microelement con t en t s occurr ing in the lower 
horizons of cer ta in profiles in all f ive soil t ypes are p robab ly caused by t h e 
f a c t t h a t the p a r e n t rock of t h e soils s tud ied is an alluvial deposit of t h e 
D a n u b e which is character ized b y s t ra t i f i ca t ion . 
The average microelement contents in the profiles of the s tudied soil 
t y p e s are shown in Table 6. 
As seen in Table 6 t h e t o t a l microelement con ten t decreases wi th the 
d e p t h in all f ive soil types. Only the muck-meadow soils are except ions as 
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Table 6 
Average total microelement contents in the profiles of the soil types studied 
Soil types Horizon 
Depth of horizon Total microelement content mg/kg 
c m 
В Cu Mn Mo 
A 0—24 15.8 22 393 1.08 
Humous al luvium В 24—46 14.8 21 360 0.92 
С 46—110 12.4 18 320 0.86 
S.d.5 % 3.0 2 62 0.35 
A 0—22 18.4 39 480 1.20 
Chernozem meadow soils В 22—36 18.4 35 470 1.08 
ВС 36—78 16.4 36 388 1.04 
78—100 14.2 35 394 1.20 
С 100—158 11.8 19 322 0.86 
s . d . 5 % 2.4 11 134 0.47 
А 0—20 15.6 41 267 0.9 
Typical meadow soils В 20—56 12.8 31 230 0.8 
ВС 56—84 9.6 28 180 0.6 
С 
84—106 9.8 9 160 0.4 
S.d6% I 10.2 17 230 0.5 
А 0—12 18.2 65 393 1.4 
Muck-meadow soils В 12—40 17.6 54 385 2.1 
ВС 40—56 13.8 26 485 2.0 
С 56—104 15.0 15 480 1.9 
S.d.5% 7.2 18 480 1.0 
Reclaimed and plotted 
А 0—26 15.0 59 312 7.3 
fens В 26—40 13.6 17 183 3.7 
С 40—86 12.2 13 160 1.3 
S-d-5% 2.4 13 160 3.0 
* bur ied ancient horizon 
regards the i r manganese and m o l y b d e n u m con ten t s ; t he differences be tween 
the hor izons are no t , however , s igni f icant . The t o t a l copper con t en t in the 
A-horizons increases considerably a t higher organic m a t t e r con ten t s . The 
A- a n d B-liorizons of reclaimed a n d p lo t t ed fens are charac te r ized b y a high 
m o l y b d e n u m conten t . 
I n order to f i n d out the e x t e n t of microe lement accumula t ion we 
compared the microe lement con ten t s in the uppe r layers of the prof i les to 
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Table 7 
Mean values of microelement proportions determined in the 
uppermost and lowermost horizons of the soil profiles studied, 
and confidence limits of mean values at the P = 0.05 level 
в Си Mn 
Ми 
1.67 + 0.57 3.06 + 0.80 2 .26+1.00 2.87 + 1.57 
t hose in the lowermost layers, t h a t is, in the p a r e n t rock. T h e resul ts t h u s 
o b t a i n e d are shown in Table 7. 
According to t h e da ta of T a b l e 7 the accumula t ion of all t he s tudied 
microelements as compared to t h e p a r e n t rock is s ta t is t ica l ly p r o v e d on the 
ave rage of all the soil profiles. T h e r e is a 150 per cen t accumula t ion of boron 
and a b o u t 300 per cen t of copper. T h e difference be tween the two is s ignif icant . 
The g rea t deviat ion in the da t a of the 15 prof i les (CV% = 13.3—27.9) is 
p a r t l y explained b y t h e fact t h a t owing to a s t ra t i f i ca t ion in t h e soils of 
a l luvia l origin the C-horizon is n o t t h e parent rock , only a bas ic rock. The 
grea t deviat ion of t h e rat ios re la t ive to the m o l y b d e n u m con t en t is caused, 
on t h e o ther hand , b y the fac t t h a t in this r e spec t s ignif icant differences 
can be found be tween the soil t y p e s studied ( F [Fisher] = 4-. 18, which is 
s ign i f ican t at P = 0.05 level). The Dixon tes t p roves a t a P = 0.02 level t h a t 
the 770 per cent accumula t ion of t h e molybdenum con ten t in t h e u p p e r layer 
of a rec la imed and p l o t t e d fen is an extremely h igh value c o m p a r e d to a 
90—240 per cent accumula t ion in t h e other soil t y p e s s tudied. 
W h e n s tudying t h e factors of t h e vertical d i s t r ibu t ion of microelements 
we o b t a i n e d the fol lowing mult iple regression e q u a t i o n s : 
В = - 0 . 4 4 9 2 S z + 2 6 2 1 6 (Sz)0-5 0 .9752 hy + 6 . 6 3 0 8 (hy)0-5 0 .2870 p H + 
1 1 7 8 
+ 0.1482 Ca : — — + 0 . 1 6 2 4 lg Q + 4 . 0 6 
Cci "I- 2 
Си = —1.854 S z + 9 . 9 0 2 (Sz)0-5 + 1 . 9 3 1 h y + 9 . 5 1 2 (hy)0 5 + 0 . 0 0 6 p H + 
+ 0.1936 Ca + 1 1 8 9 + 9 . 3 7 0 lg Q - 1 6 . 0 0 
Ca + 2 
Mn = —26.59 Sz + 1 1 9 . 4 1 (Sz)05 + 3 1 . 5 6 hy + 5 1 . 1 0 ( h y ) 0 5 + 
+ 6.98 p H + 1 0 . 7 0 7 C a + 1 3 6 - 2 50.24 l g Q 84.72 
Ca + 2 
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Mo = 0.2661 Sz + 0 . 1 5 2 9 (Sz)0-3 - 0 . 2 2 9 7 hv + 1 . 4 8 9 5 (hy)0-3 + 
+ 0.1229 p H + 0 . 0 1 5 0 3 Ca + 2 - 2 7 6 0.8524 l g Q 1.29 
Ca + 2 
In the above equations "B" , "Cu", "Mil" and "Mo" mean the mg/kg 
microelement contents (total microelement), "Sz" means the percentage 
organic matter content, "hy" the hygroscopic value as determined by Sik's 
method, "pH" the value of chemical reaction measured in an aqueous sus-
Table 8 
t-(Student) and P-(probability level) values characterizing the reliability of regression 
coefficients in multiple regression equations set up for total microelement contents; determination 
coefficients characterizing the extent of multiple correlation (R2) 
Variables 
B Cu Mn Mo 
t p t p t p t p 
Sz 3.03 0.01 3.00 0.01 4.25 0.001 1.94 0.10 
(Sz)0'5 2.58 0.05 2.35 0.05 2.02 0.05 0.16 — 
hy 1.62 0.20 0.76 0.50 0.89 0.40 0.41 — 
(hy)0'5 3.03 0.01 1.04 0.40 0.41 — 0.74 0.50 
pH 0.57 0.00 — 0.24 — 0.26 — 
Ca 4.86 0.001 1.52 0.20 6.00 0.001 0.53 
-
1 
Ca + 2 0.55 — 1.22 0.40 1.00 0.40 1.05 0.40 
l g Q 0.29 — 4.01 0.001 1.55 0.20 1.66 0.10 
R- 0.5 7 0.70 0.60 0.73 
pension, "Ca" the percentage lime content, and "Q" means the humus stability 
index determined by H A R G I T A I (1955). The latter is the quotient of extinc-
tion values measured at 533 n m in soil samples extracted with 1 per cent 
N a F and 0.5 per cent NaOH respectively. 
The reliability of the regression coefficients as well as the determina-
tion coefficients belonging to the equations are shown by the data of Table 8. 
According to the data of Table 8 in the soil profiles studied the total 
boron, copper and manganese contents showed a significant curvilinear, 
while the total molybdenum contents a nearly significant linear correlation 
with the organic matter content. Regarding the other independent variables 
to be average size, the total microelement contents were only plotted against 
the organic matter content. This is illustrated in Fig. 1. 
Fig. 1 shows that the total boron, copper and manganese contents of 
the studied soils increased with the increase of the organic matter content, 
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t h e n — h a v i n g reached a m a x i m u m — decreased . The h i g h e s t boron c o n t e n t 
was found a t 8.5 per cen t , t h e highest c o p p e r content a t 7.1 per cent while 
t h e highest manganese c o n t e n t at 5.0 pe r cent organic m a t t e r content . Th i s 
ex t remely curvi l inear cor re la t ion cannot b e caused by q u a l i t a t i v e d i f ferences 
be tween the h u m u s con t en t s of soils w i t h higher and lower organic m a t t e r 
conten ts , since in the mu l t i p l e regression equat ions t h e Q-va lue , which ex-
presses the h u m u s qual i ty , is among the i n d e p e n d e n t va r i ab le s . More p r o b a b l y 
in organic m a t t e r s at an in i t i a l stage of decomposi t ion t h e concent ra t ion of 
biologically accumula ted microelements is lower than in t h o s e at an a d v a n c e d 
s tage of humi f i ca t ion . 
O r g a n i c matter p e r c e n t a g e 
Fig. I. Changes in the total mic roe lement conten ts of soil samples s tud i ed as a f u n c t i o n 
of their o rgan ic mat ter c o n t e n t s (mg/kg) 
A similar correlation was observed in re la t ion to t h e t o t a l zinc c o n t e n t 
b y S i x (1968, 1970, 1971a, 1971b) and Six—LUKÁCSY (1969, 1970, 1971). 
Name ly , in m i n e r a l soils a pos i t ive correlat ion was found be tween the t o t a l 
z inc content a n d the organic m a t t e r c o n t e n t ; in moor soils , on the o t h e r 
h a n d , the m a x i m u m zinc c o n t e n t appeared a t a 18.75 per c e n t organic m a t t e r 
con t en t , which is a cons iderably higher va lue t h a n t ha t charac te r i s t ic of t h e 
h ighes t boron, copper or m a n g a n e s e con ten t s . 
Fig. 1 shows t ha t a t a 40 per cent o rgan ic ma t t e r c o n t e n t the t o t a l 
manganese c o n t e n t ought t o h a v e a negat ive value, which is a sheer impos-
s ibi l i ty . This a p p a r e n t fau l t is caused by t h e fac t t ha t t h e curves refer t o 
condi t ions when t h e other soil character is t ics correspond to t h e average va lues 
of t h e samples considered. W h e n , however, t h e organic m a t t e r content of a 
s amp le is 40 pe r cent , then f o r example it is improbable t h a t its hy -va lue 
on ly corresponds to the mean va lue — 2.83 — of the soil s amp le s examined . 
Nega t ive values possibly a p p e a r i n g at the descending b r a n c h of the c u r v e 
t h u s mean no e r ro r of ca lcula t ion or eva lua t ion ; they refer t o the cases n o t 
occurr ing in p rac t i ce . 
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Table 8 a n d Fig. 1 show t h a t the t o t a l molybdenum content — un l ike 
t h e o ther t h r ee microelement contents — increases in d i rec t ratio t o t h e 
organic m a t t e r content . This correlat ion is ano the r con f i rma t ion of the s t a t e -
m e n t of K E R E S Z T É N Y — N A G Y (1960), n a m e l y , tha t t h e ra t io between t h e 
organic m a t t e r content and t h e organic m a t t e r bound m o l y b d e n u m c o n t e n t 
is app rox ima te ly cons tan t in t h e soil s amples . 
According to the d a t a of Table 8 t h e correlation be tween the micro-
e lement c o n t e n t s and the h y (hygroscopic) v a l u e is very loose; it is s ign i f ican t 
a n d curvi l inear only as r ega rds the boron conten t . 
Fig. 2. Changes in the to ta l microe lement c o n t e n t s of soil s amples studied as a f u n c t i o n 
of their hy-va lues (mg/kg) 
Fig. 2 clearly shows t h a t in the soil samples e x a m i n e d there is a l inear 
or a lmost l inear correlation be tween t h e increase of t h e copper a n d man-
ganese c o n t e n t s and the h y - v a l u e , while t h e boron con t en t reaches a m a x i m u m 
a t the 11.5 hy-value . The correlat ion for t h e m o l y b d e n u m content is s imilar 
to t h a t of t h e boron c o n t e n t ; i ts p robab i l i t y level, h o w e v e r , does no t exceed 
P = 0.50 so i t is not shown in the f igure . T h e hy-value is pr imari ly in correla-
t ion wi th t h e specific su r face of the soil part icles , bu t t o a lower e x t e n t also 
wi th the organic ma t t e r c o n t e n t . The equa t ions and F igs 1 and 2 show t h a t 
in soils w i t h low organic m a t t e r c o n t e n t s the accumula t ion of the micro-
elements s tud ied takes p lace in bo th biological and adso rp t i ve ways, b u t in 
those wi th high organic m a t t e r con ten t s molybdenum accumula tes biologi-
cally while copper and manganese t h r o u g h adsorpt ion. 
I t was surprising t h a t — as seen in Tab le 8 — n o correlat ion was found 
between t h e microelement con ten t a n d t h e pH-value in the e x a m i n e d soil 
samples. Th i s was pa r t ly due to the f a c t t h a t their p H - v a l u e s — w i t h the 
except ion of two samples — ranged b e t w e e n very n a r r o w limits (6.9 — 8.9). 
A similar phenomenon was obse rved , however, h y S ix (1968, 1970, 
1971a, 1971b) and S I X - L U K Á C S Y (1969, 1970, 1971) in relat ion to z inc . 
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As to boron and manganese con ten t s , highly s ignif icant correla t ion 
was f o u n d between t h e microelement con ten t s and t h e l ime con ten t s of the 
soil samples . The correla t ions are p resen ted in Fig. 3. 
Accord ing to the evidence of F ig . 3 the correlat ions between t h e micro-
element contents and t h e CaC0 3 c o n t e n t are app rox ima te ly l inear , if the 
initial sect ions of the curves corresponding to less t h a n 4—5 per cen t lime 
conten t a re no t taken in to considera t ion. Thus , chemisorpt ion occurr ing in the 
C a C o 3 
Fig. 3. C h a n g e s in the t o t a l m i c r o e l e m e n t c o n t e n t s of soil s a m p l e s s t u d i e d as a f u n c t i o n 
of the i r C a C 0 3 c o n t e n t s (mg/kg) 
lime gra ins increased t h e accumula t ion of copper and b o r o n ; it increased t h e 
manganese conten t to a v e r y great degree, while it decreased the mo lybde -
n u m c o n t e n t . 
This correlation is conf i rmed by t h e results of T Ö L G Y E S I et al. (1970). 
Namely , in t h e acidic s a n d y soil s tudied b y them the t o t a l con ten t of coppe r 
and m a n g a n e s e was much lower while t h e molybdenum c o n t e n t in the su r f ace 
layer s o m e w h a t higher t h a n in calciferous sandy soils. 
Accord ing to the above equa t ions a n d Table 8 t h e t o t a l copper c o n t e n t 
showed a h igh ly s ignif icant posit ive, while the m o l y b d e n u m content a t t h e 
P = 0.10 level a s ignif icant negat ive correla t ion with t h e logar i thm of t h e 
humus s t ab i l i t y number (Q). Thus , the accumula t ion of copper is p r o m o t e d 
b y good q u a l i t y , stable h u m u s , while t h a t of m o l y b d e n u m by non- s t ab le 
humus . 
Accord ing to the d a t a of the last l ine in Table 8 t h e dispersion of t h e 
microe lement contents in t h e samples s tud ied can be exp la ined to 57 — 73 
per cent b y soil character is t ics included in the equa t ions as i ndependen t 
variables. 
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ANATOMICAL STUDIES ON ROOT GALL 
OF CHICORY (CICHORIUM INTYBUS L.) 
B y 
V . K . S H A R M A , A . K . S R I V A S T A V A 
DEPARTMENT OF BOTANY AND PLANT PATHOLOGY P U N J A B AGRICULTURAL UNIVERSITY, 
LUDHIANA, PUNJAB 
Gall f o r m a t i o n ill chicory r o o t s induced by t h e i n f e c t i o n of roo t k n o t nematodes , 
s t a r t e d w i th t h e p ro l i f e ra t ion of p a r e n c h y m a t o u s t i s s u e s in the c e n t r e resul t ing in 
h y p e r t r o p h i e d g r o w t h . Due to t h e increased n u m b e r a n d size of t he p a r e n c h y m a t o u s 
cells in t he c o r t e x , s o m e of the t i s sues died due to exces s ive mace ra t ion a n d were added 
t o t h e pe r ide rm. T h e pe r ide rm s t a r t e d encircling s o m e of t he living p a r e n c h y m a t o u s 
cells of the c o r t e x , t h u s resu l t ing i n t o t h e fo rma t ion of l a r g e cavities. T h e d e v e l o p m e n t 
of t r ache ids c o m m e n c e d f r o m t h e t r a n s v e r s e series of i n i t i a l s which l a t e r on were dis-
t r i b u t e d all t h r o u g h , a n d a t c e r t a i n places the sp i r a l t r a c he id s enc lo sed t he living 
p a r e n c h y m a t o u s cells, t h u s f o r m i n g l a rge cavit ies. T h e sp i ra l , c i rcular , e r e c t , s t ra igh t , 
s t r a t i f i ed , a n d i so la t ed lobed a r r a n g e m e n t of v a s c u l a r e l e m e n t s was t h e m a i n fea ture . 
S o m e of these t r a c h e i d s u n d e r w e n t s egmen ta t i on d u e t o excessive p r o l i f e r a t i o n of t he 
s u r r o u n d i n g p a r e n c h y m a t o u s cells, t h u s f r a g m e n t s g o t d i s t r i b u t e d t h r o u g h o u t the gall. 
I d e n t i f i c a t i o n of t h e n e m a t o d e a s soc i a t ed w'ith gall f o r m a t i o n in c h i c o r y roo ts is in 
progress . 
Introduction 
Galls on angiospermic p lan t p a r t s are p roduced , in general on account 
of incidenta l d i s tu rbance caused b y different t y p e s of organisms, resulting 
in to abnorma l exaggera ted ove rg rowths in the f o r m of enlarged swellings 
( V I G L I E R C H I O 1 9 7 1 ) . Many of t h e allied aspects l ike morphogenic ( K Ü S T E R 
1 9 2 5 , B L U M 1 9 6 3 ) , h is togenic ( B I R D 1 9 6 2 , B A O 1 9 6 5 ) and b iochemical trans-
fo rma t ions ( B A L A S U B R A M A N I A N — B A N G D S W A M I 1 9 6 2 , S E T T Y — W H E E L E R 1 9 6 8 ) 
bave been used as a tool for f i n d i n g ou t the basic principles assoc ia ted with 
the process of gall fo rma t ion . T h e present s t u d y enta i ls a comprehens ive 
accoun t of the ana tomica l aspects of galls on ch icory (Cichorium intybus L.) 
roots to evaluate t h e s teps requ i red during the incept ion and f o r m a t i o n of 
de fo rmed cells and t issues. 
Material and Method 
I n t h e commerc ia l p l a n t i n g of ch i co ry t o be used for c o f f e e b lending d u r i n g 1969—70, 
1 9 7 0 —71 , a grea ter p r o p o r t i o n (15 — 20 pe r c e n t ) of root k n o t n e m a t o d e i n d u c e d gal l - formed 
r o o t s w e r e observed in t h e e x p e r i m e n t a l a r e a of P u n j a b A g r i c u l t u r a l U n i v e r s i t y , L u d h i a n a . 
R o o t s b o t h no rma l a n d gall f o r m e d were co l lec ted a t d i f f e ren t s t a g e s of d e v e l o p m e n t a n d f ixed 
in f o r m a l i n - a c e t i c a c i d - a l c o h o l (FAA) . T h e t r a n s v e r s e sec t ions of n o r m a l root a n d galls were 
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cu t a n d stained in s a f r a n i n - f a s t green c o m b i n a t i o n a f t e r t h e method of JOHANSEN (1940' 
us ing x y l e n e as a c l ea r ing agen t . The p h o t o m i c r o g r a p h s w e r e t aken wi th a 35 m m camera 
a t t a c h e d to the microscope wi th an a d a p t e r . 
Results 
P l a n t s y m p t o m s of ga l led-plants comprised s t un t ed g rowth , deficiency 
of n u t r i e n t e lements , smaller ch loro t ic leaves a n d sterile seeds. 
T h e infection s t a r t e d dur ing t h e vegetat ive phase on t h e p r i m a r y root, 
t h u s producing galls of pro toplasmic type ( K Ü S T E R ' S classification 1 9 1 1 , 1 9 2 5 ) 
Fig. 1. Chicory roots s h e w i n g different s t a g e s of gall f o r m a t i o n 
w h i c h were in the f o r m of lohed, smoo th , sessile, yellowish green to brownish, 
sol id swelling (5 — 8 c m diameter) on the lateral s ide of the basa l p a r t of thicker 
con ica l t ap root (F ig . 1). 
A cross-section of a y o u n g heal thy root h a d an un i l aye red epidermis 
(ep ib lem) without cuticle fol lowed by a cor tex consisting of 7 — 8 layers of 
l a rge oval pa r enchyma tous cells. T h e innermost cells of the c o r t e x had m a n y 
in tercel lu lar spaces , hut the o u t e r layers were compact . T h e ar t iculated 
anas tomos ing la t ic i fe rs were l oca t ed in the c o r t e x and main ly in the young, 
s e c o n d a r y phloem. T h e vascular t issue delimited by uni layered pericycle and 
endodermis was composed of a d i a r ch pr imary x y l e m having a n n u l a r , helical, 
sca la r i form and p i t t e d t racheids a n d forminate vessels with borde red pits on 
t h e i r lateral walls. 
Mostly roo t s having galls depicted s econda ry growth. T h e epidermis 
a n d most of the l ayers of the c o r t e x had been replaced by a few layered peri-
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derm and pers i s ten t r a y of pa renchyma running t h r o u g h the s e c o n d a r y 
xylem f rom each p ro texy lem pole. The secondary xylem fo rmed on t h e inne r 
face of the c a m b i u m consis ted of vessel s e g m e n t s having ova l and sca la r i fo rm-
ret icula te t y p e of pits on the i r lateral wal ls and secondary p a r e n c h y m a t o u s 
cells. These two kinds of cells were in te rspersed at f i r s t , b u t later the p a r e n -
Fig, 2. Cross-sect ion of n o r m a l ch ico ry root Fig. 3. Cross-section of chicory root gal l s h o w -
showing spoked a r r a n g e m e n t of p h l o e m and i ng e a r l y stages of d e v e l o p m e n t of c a v i t y 
n o r m a l t r ache ids . X 160 w i t h d i s loca ted t rache ids . X l 6 0 
chyma was laid down in r ays . The secondary phloem which occupied the g r e a t e r 
area in the m a t u r e root was composed of s ieve tubes, compan ion cells, la t ic i -
fers and o the r p a r e n c h y m a t o u s cells. The " s p o k e d " condi t ion as r epor t ed b y 
KNOBLOCH ( 1 9 5 4 ) was seen in the ph loem, probably because of the s h a r p 
dis t inct ion in t h e func t ions of the two t y p e s of cambial in i t ia l s (Fig. 2). 
A cross-section of t h e gall did not show a clear d i f fe rent ia t ion of t i s sues . 
Signif icant ana tomica l changes were the cell wall dissolut ion, cellular h y p e r -
t rophy and hyperp las ia , a b n o r m a l xylem, a n d large pe r ide rm. The f o r m a t i o n 
of the pe r ide rm was accelera ted due to infec t ion to o c c u p y a larger a r e a , 
encircling the living p a r e n c h y m a t o u s cells b y extending t o w a r d s the co r t i ca l 
regions. Poss ibly the s t imulus causing t h e cellular h y p e r t r o p h y and h y p e r -
plasia and la te r the mace ra t ion into g roups in the gall t issues is chemica l , 
p r o b a b l y t h e growth ho rmones ( B I R D 1 9 6 2 , SETTY — W H E E L E R 1 9 6 8 ) or s o m e 
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o t h e r allied chemica ls like a m i n o acids ( S O N D E R S — B U R K H O L D E R 1948, A N D E R S 
1 9 5 8 ) or the ac t i v i t y of c e r t a i n enzymes like celluloses ( K R Ü S B E R G 1 9 6 0 , 
M O R G A N — M C A L L E N 1 9 6 2 ) sec re ted by t h e organism du r ing infection. I n t h e 
process of h y p e r t r o p h y , some of the original p a r e n c h y m a t o u s cells were ki l led 
a n d obl i tera ted leaving la rger c r smaller cav i t i es (Fig. 3). All the t issues of 
Fig. 4. Cross-sect ion of chicory r o o t ga l l show- Fig. 5. Cross-section of ch icory root gal l s h o w -
i n g spiral a r r a n g e m e n t of t r a c h e i d s a n d de- i n g s t r a t i f i e d a r r a n g e m e n t of t r ache ids . X 400 
v e l o p m e n t of cavi ty . X 4 0 0 
t h e gall w h e t h e r p a r e n c h y m a t o u s or l ignif ied were der ived b y the a c t i v i t y of 
t h e pericycle cells. 
An i n t e r e s t i n g feature observed in t h e gall was an in t r i ca t e vascular iza-
t ion consist ing of lignified t r ache ids and vessels . The seconda ry p a r e n c h y m a 
was also c o n v e r t e d into v a s c u l a r elements b y developing p i t t i n g and l ignif ica-
t ion of the wal ls (JONES 1 9 4 7 ) . This type of vascular iza t ion possibly deve loped 
due to the inva r i ab le s t imu la t i on of t h e x y l e m elements dur ing the in i t i a l 
format ion of t h e tumor s t r a n d s which d i v i d e d repea ted ly accompanied b y a 
slight e n l a rge men t of the a f f ec t ed cells ( B R A U N 1 9 4 1 ) . T h e vascular s y s t e m 
in the gall a d o p t e d some pecu l i a r a r r a n g e m e n t s of t rache ids and vessels w h i c h 
were comple te ly different f r o m the normal . T h e t racheids or iginated f r o m t h e 
t ransverse series of initials h a d undergone a lot of changes after in fec t ion 
result ing in to a radial and obl ique deve lopmen t . This in t u r n broke t h e con-
Acta Agronomica Academiae Scientiarum Hungaricae 22, 1973 
ROOT CALL OF CHICORY 1 3 5 
t i n u i t y of the vascu l a r elements. T h e t racheidal e l ements which b e c a m e spiral 
(Fig. 4), s ta r ted enclosing the l iving p a r e n c h y m a t o u s cells t hus appea r ing as 
c a v i t y (Fig. 4) in t h e beginning a n d la ter tu rn ing i n t o erect s t ra igh t and s t ra t i -
f i ed s t ruc tures (Fig. 5) having i so la ted and lobed, fabr ica t ion (Fig. 6) a t certain 
p laces . This spiral , circular, lobed a n d s t ra t i f ied a r r angemen t of t h e vascular 
Fig. 6. Cross-section of chicory root gall Fig. 7. Cross-section of chicory root gall 
showing isolated and lobed tracheids. X 400 showing segmen ta t ion of t r ache ids . X 160 
e l emen t s was found t o be the charac ter i s t ic f e a t u r e of this gall. Such types 
of ana tomica l deformi t ies in gall f o rmed tissues h a v e rarely been repor ted 
ear l ier . These t r ache ids underwent segmenta t ion l a t e in the deve lopmen t of 
the gall too (Fig. 7). T h u s in comple te ly developed galls, the vascu la r e lements 
were found most ly in the form of f r agmen t s which gave the a p p e a r a n c e of 
mashes . Some of t he se f ragments accumula ted in t h e cavities, t h u s lost all 
t h e organic connect ions with the res t of the p lan t t issues. The possible reason 
for t h e segmenta t ion of the t r ache ida l elements m a y be due to t h e induced 
expans ion , e longat ion and excessive prol iferat ion of the su r round ing paren-
c h y m a t o u s tissues or the t rache ida l tissues themse lves , thus sp read ing the 
f r a g m e n t s t h r o u g h o u t . The t r ache ida l elements m a y expand or e longa te , wi th 
the resu l t t ha t the Avails get r u p t u r e d and the bo rde red pits on t h e t racheidal 
walls become la te ra l ly expanded. T h e elongation of the t racheids resul ted in 
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t h e separa t ion of t he i r spiral th icken ing , the dis integrat ion of t h e lateral 
Avails. The medu l l a ry rays also acqu i red some d i f fe ren t a r r a n g e m e n t . Bo th 
t h e u n i - a n d the b i se r ia te medul la ry r ays expanded w i th over lapping margins. 
In t h e later s tage of gall deve lopmen t , the r ays became a comple te ly dis-
con t inuous s t r u c t u r e in a radial d i rec t ion . This m a y block the l a t e r a l t rans-
locat ion between t h e central and per ipheral t i ssues of the gall completely . 
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THE INFLUENCE OF AGROTECHNICAL FACTORS 
ON THE EVAPOTRANSPIRATION OF RICE 
B y 
V . K . VAMADEVAN 
DEPARTMENT OF CROP PRODUCTION AND SOIL CULTIVATION, AGRICULTURAL UNIVERSITY, 
GÖDÖLLŐ 
Two w a t e r dep ths , each w i t h t w o N levels a n d t w o p lan t p o p u l a t i o n s were com-
p a r e d du r ing t w o r ice growing seasons as to the i r i n f l u e n c e on t he E T of rice. E T w a s 
measu red b y e m b e d d i n g ga lvan i sed i ron t a n k s in t h e r ice f ield. An i n c r e a s e in the w a t e r 
d e p t h caused s ign i f i can t i nc rease in E T during t h e e a r l y period of r i ce g r o w t h . In t h e 
l a t e r per iod , t h e r e was no d i f f e r ence . E T was s i g n i f i c a n t l y d i f f e ren t a t t h e two levels 
of p l a n t p o p u l a t i o n a t bo th w a t e r d e p t h s . The e f f e c t of N levels on E T w a s no t con-
s is ten t . H o w e v e r , t h e t r end w a s t h a t high N leve ls increased the E T a t 5 cm w a t e r 
d e p t h . T h e o p p o s i t e was t he e f f e c t a t 20 cm w a t e r d e p t h . 
Introduct ion 
The ra te of w a t e r loss b y t h e process of é v a p o t r a n s p i r a t i o n (ET) is t h e 
resu l t of f ive control l ing factors , name ly the c l ima te , soil mo i s tu re , crop fac-
to rs , soil p roper t ies and cul tura l practices. Of these five f ac to r s , the p lan t 
a n d soil factors a re so closely in te r re la ted to each other and also to the cli-
m a t i c factors , t h a t very li t t le is known abou t t he i r individual roles in t h e 
overal l E T processes . Though t h e agrotechnical factors are known to be 
equa l ly i m p o r t a n t , t he i r inves t igat ion has not y e t received the s a m e a t ten t ion 
as o the r meteorological factors . T h e present w o r k , therefore , a ims a t pre-
sen t ing the effect of agrotechnical fac tors on t h e E T of rice. T h i s was accom-
pl ished by d i f fe ren t levels of w a t e r depth , p l a n t populat ions a n d nitrogen 
(N) levels. 
The effect of different w a t e r m a n a g e m e n t practices on E T has been 
r epor t ed by some workers in J a p a n (FUJIOKA 1 9 6 0 , TSUTSUI 1 9 6 6 , NAKAGAWA 
1 9 6 9 ) . The above s tud ies show t h a t the E T from t h e rice field wou ld be minimal 
a t shallow wa te r dep ths . 
CHAUDHURY — MAHAPATRA (1963), and C H A U D H U R Y — P A N D E Y (1966) in 
Ind i a repor ted t h a t E T increased when the r ice crop was m a n u r e d wi th 
a m m o n i u m su lpha t e . These expe r imen t s were in po ts . 
There are n o published d a t a t o show the w a t e r use p a t t e r n of rice wi th 
respec t to p lan t popula t ion . B u t , t h e available d a t a from o t h e r crops show 
t h a t t h e p lant popu la t ion wi thin cer ta in limits does not apprec iab ly increase 
t h e t o t a l ra te of w a t e r use ( S T E R N 1 9 6 5 , LEMON 1 9 6 6 ) . 
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Material a n d Method 
T h e s tudy was c o n d u c t e d during the y e a r s 1968 and 1969 a t the State F a r m , Mezőtúr, 
a typ ica l r ice growing area of t he Hungar ian g r e a t plain. The e l eva t ion is 83 m and it is s i tuated 
47° n o r t h , 20.31° east. T h e soil is solonchak. T h e average a n n u a l precipi tat ion is 550 mm. 
T h e r e were 3 fac to r s , namely , water d e p t h (5 and 20 cm) , N levels (40 a n d 80 kg/kh), 
and p l a n t populat ion (100 a n d 200/sq.m) w i t h all their combina t ions . Thus there were 8 t reat-
men t s rep l ica ted 4 t imes. 
T h e equipments used in the studies w e r e galvanised i ron t a n k s with an area of 2500 sq. 
cm. T h e t a n k s were e m b e d d e d in the cen t r e of the rice f ie ld. F T was measured dai ly using 
the H é n i — T ó t h type gauge (Figs 1, 2, 3). T h e meteorological e lements such as r a in fa l l , tem-
pe ra tu re , relat ive h u m i d i t y a n d evapora t ion were measured b y t he appropr ia te i n s t rumen t s 
r e c o m m e n d e d for the p u r p o s e . 
Fig. 1. A genera l view of the l a y o u t of the t a n k s in the rice f ield 
Fig. 2. Same o n e m o n t h af ter sowing 
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Fig. 3. S a m e a t t h e ac t ive tillering s t a g e 
Resul ts 
Water depth and ET. The effect of wa te r dep th on E T during t h e grow-
ing per iod is presented in Table 1. 
I t was observed t h a t E T increased wi th the w a t e r depth . D u r i n g the 
year 1968, increase in E T a t 20 cm as compared to 5 cm water d e p t h was 
s igni f icant only dur ing t h e early per iod (June) . Dur ing 1969, however , E T at 
20 cm w a t e r dep th was s ignif icant ly higher than a t 5 cm, in J u n e , Ju ly 
and A u g u s t . In bo th t h e years , dur ing t h e later per iod of growth, t h e r e was 
no s igni f icant difference in E T a t the two water d e p t h s . 
T h e higher E T observed a t t h e 20 cm water d e p t h compared to the 
5 cm w a t e r dep th m a y be due to the following r easons : 
1. T h e different ia l w a t e r dep th a f fec t s the e n e r g y components of solar 
r ad ia t ion . Ne t radia t ion avai lable for t h e la ten t hea t of vaporisat ion is higher 
a t 2 0 c m ( V A M A D E V A N 1 9 7 0 ) . 
Table 1 
Water depth and ET 
W a t e r d e p t h 
1968 E T (mms) 1969 E T (mms) 
June J u l y Aug. To ta l June J u l y Aug. Sept . (1 20) Tota l 
5 cm 159 185 118 462 143 168 161 89 561 
20 cm 179 190 121 490 159 178 168 88 593 
C.D. a t 5 % 8.0 N.S . N.S. 8.0 1.9 1.3 1.1 N.S . 3.8 
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2. Plant h e i g h t is seen t o be affected b y the wate r d e p t h especial ly 
d u r i n g the ear ly per iod ( V A M A D E V A N 1 9 7 0 ) . I t is greater in t h e 2 0 cm w a t e r 
d e p t h than in t h e 5 cm. I t is recognised t h a t difference in p l a n t height a n d 
t h e flexible n a t u r e of the c rop could affect E T indirectly, b y increasing t h e 
tu rbu lence and aerodynamic roughness ( M A K K I N K 1 9 6 2 ) . 
Table 2 
Average air temperature recorded by the thermo-
hygroraph 1969 
Months 5 cm 20 cm 
J u n e 18.5 19.2 
J u l y 21.3 22.1 
A u g u s t 20.0 21.0 
Sep t ember 18.1 18.5 
Table 3 
The effect of fertilizers on the évapotranspiration of rice 
X levels 
5 c m E T (mm) 20 cm E T (mm) 
J u n e July A u g . Sept. To ta l June Ju ly Aug . Sept. Tota l 
4 0 k g / k h 152 179 116 447 182 190 126 — 498 
1 9 6 8 8 0 k g / k h 156 191 121 — 468 174 189 116 — 479 
Difference N.S. N.S. N . S . — N.S . N.S. N.S. N . S . - N.S. 
4 0 k g / k h 140 167 157 86 549 162 181 176 93 610 
1 9 6 9 8 0 k g / k h 147 171 166 92 575 157 177 161 84 578 
C . D . a t 5% 6.1 N.S. 4.7 4.7 8.6 1.3 N.S. 13.2 4.5 21.9 
3. The cond i t ions for rece iv ing the sum r a y s are a l i t t le more favourable 
a t t h e 2 0 cm w a t e r depth t h a n a t the 5 cm w a t e r depth (VAMADEVAN 1 9 7 0 ) . 
4. Air t e m p e r a t u r e is a l i t t l e higher a b o v e the rice popu la t ion a t t h e 
20 cm water d e p t h . The t e m p e r a t u r e recorded b y the t h e r m o h y g r o g r a p h is 
s h o w n below ( T a b l e 2). 
The effect of N levels on ET. The effect of N fertilizer a t 40 kg/kh a n d 
80 kg/kh levels in two d i f ferent tvater dep ths is presented in Table 3. T h e 
T a b l e shows t h a t while N levels h a d no e f fec t on ET dur ing t h e year 1968, 
t h e y signif icantly increased i t dur ing 1969. 80 kg/kh N increased the E T 
s ignif icant ly d u r i n g all the m o n t h s except J u l y a t the 5 c m water dep th . 
I t h a d the oppos i t e effect, h o w e v e r , at the 20 cm water d e p t h . The effect 
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of the N ferti l izers on E T is no t s igni f icant a t either level , if the d a t a a re 
presented irrespective of t h e wate r dep ths , as shown in T a b l e 4. 
The effect of plant density on ET. T h e effect of p l a n t densi ty on E T 
during t h e two rice growing seasons is p resen ted in Table 5. The Table shows 
t h a t E T is no t s ignif icant ly affected b y the two levels of p lan t densi t ies a t 
Table 4 
The effect of N levels on ET. The values are averages over icater depths 
N levels 
1968 1969 
June J u l y Aug. Tota l J u n e Ju ly Aug. Sept. T o t a l 
40 kg/kh 167 185 121 473 151 172 167 90 580 
80 kg/kh 165 190 118 474 152 174 164 88 578 
Difference N.S. N.S . N.S. N.S. N.S. N.S. N.S. N.S. N.S . 
Table 5 
The effect of plant density on the évapotranspiration of rice 
Plant dens i ty 
5 cm E T (mm) 20 em ET (mm) 
June J u l y Aug. Sept . Tota l June J u l y Aug. Sept. T o t a l 
100 pl . /sq.m 152 183 117 452 180 186 1 1 8 484 
1968. 200 pl . /sq .m 154 186 118 — 458 175 192 124 — 491 
Difference N.S. N.S. N.S. — N.S. N.S. N.S . N.S. — N.S. 
100 pl . /sq .m 144 170 163 89 566 158 181 169 88 596 
1969. 200 pl . /sq.m 143 168 160 89 560 160 177 168 89 594 
Difference N.S. N.S. N.S. N.S. N.S. N.S. N.S . N.S. N.S. N.S. 
either w a t e r depth . Thus t h e da ta show t h a t even if t h e dens i ty of the p l a n t 
popula t ion is increased, E T will not increase much. 
I n t h e rice field, t h e t o t a l E T depends upon the e n e r g y available a t t h e 
water su r face and the rice popula t ion . As t h e field is f looded , m a x i m u m E T 
(potent ia l evaporat ion) is always ob ta ined . Under these condit ions, p l a n t 
popula t ion has little ef fect on the to ta l E T . For example , t h e rice w i th 200 
p lan ts / sq .m. density, will in te rcep t more energy than t h a t w i th a lower popu la -
tion, r e su l t ing in higher t r ansp i r a t ion . However , the evapora t ion f r o m the 
water su r face will be in propor t ion wi th the energy t r a n s m i t t e d to the w a t e r 
surface. T h u s evapora t ion f rom the lower populat ion is higher t h a n t h a t 
f rom t h e h igher popula t ion making up for the difference in the t r ansp i r a t i on . 
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This s tudy corrobora tes in a general w a y the f indings of other workers in 
other field c rops (STERN 1965). Thus meteorological f ac to r s t end to de t e rmine 
E T more t h a n the p lant densi t ies . 
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CORRELATIONS BETWEEN GRAIN YIELDS OF 
"A" STRAINS AND OTHER WHEAT CHARACTERISTICS 
B y 
L . B A L L A 
A G R I C U L T U R A L R E S E A R C H I N S T I T U T E O F T H E H U N G A R I A N ACADEMY 
OF SCIENCES, MARTONVÁSÁR 
Cer ta in h y b r i d combina t i ons h a v e shown p o s i t i v e correla t ions b e t w e e n grain 
y i e ld a n d p l a n t h e i g h t in t he " A " s t r a i n as well as b e t w e e n the gra in y i e l d and the 
p l a n t he igh t of t h e m o t h e r p l an t . I n s u c h c o m b i n a t i o n s selection b y p l a n t height 
m a y p r o m o t e t h e i so la t ion of h igh ly p r o d u c t i v e p l a n t s . Correla t ion v a r i e s f r o m com-
b i n a t i o n to c o m b i n a t i o n . Grain y ie lds of s t ra ins h a v e d i sp l ayed no c o r r e l a t i o n s with 
t h e l e n g t h of t h e v e g e t a t i v e per iod , t h e r e f o r e , in t he c o m b i n a t i o n s e x a m i n e d selection 
f o r ear l iness does n o t involve a n y d e c r e a s e in p r o d u c t i v i t y under H u n g a r i a n con-
d i t i o n s . 
In t roduc t ion 
Breeding for p roduc t iv i ty wou ld great ly be enhanced if charac ter is t ics 
re la ted direct ly or indi rec t ly wi th y ie ld or the ind iv idua l yield componen t s 
were k n o w n . Inves t iga t ions into corre la t ions be tween yield and o t h e r wheat 
charac ter is t ics are, therefore , highly jus t i f ied . 
As ROBINSON ( 1 9 5 1 ) pointed o u t , though breeders are i n t e r e s t e d in 
super ior genotypes , t h e y have to select individuals necessarily o n t h e basis 
of t h e p h e n o t y p e . Besides, most economic features e.g. grain y i e ld are 
t r a n s m i t t e d as a complex , in combina t ion with o t h e r characters . W h e n breed-
ing for p roduc t iv i ty character is t ics corre la ted with yield may p lay t h e role of 
indica tors . They m a y be characters of no impor tance b y themselves; generally 
t hey are no t even considered va luable . Inclusion of such indicator characters 
in t h e breeding p r o g r a m m e would be reasonable only if selection fo r them 
m e a n t a progress in breeding for t h e ma in charac te rs (JOHNSON et al. 1 9 5 5 ) . 
According to K R O N S T A D T ( 1 9 6 4 ) b r e e d i n g for p roduc t i v i t y is m o s t promising 
when i t t akes each yield componen t separate ly a n d also their combina t ions 
into considerat ion. I n th is way breeders can make u s e of the biological correla-
t ions exis t ing be tween the yield componen t s . I n t e n s i v e corre la t ion studies 
were pe r fo rmed and d a t a on cor re la t ions be tween several m a j o r economic 
fea tu res were publ i shed only in t h e las t few years . CLARK H O O K E R ( 1 9 2 6 ) 
poin ted ou t a posi t ive correlation b e t w e e n vege ta t ive period and p l a n t height 
on t h e one hand , and grain yield on t h e other. T O R R I E ( 1 9 3 6 ) f o u n d a positive 
corre la t ion be tween p l a n t height a n d grain yield. Posit ive cor re la t ion was 
found b y B H I D E ( 1 9 6 3 ) between n u m b e r of shoots a n d grain w e i g h t per ear, 
grain weight per ear a n d ear length as well as b e t w e e n germinat ion a n d stand 
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d e n s i t y . Thousand-gra in-weight h a d a strong pos i t i ve effect on yield. Posi t ive 
e f f e c t was exer ted , fu r the r , b y t h e density of s t a n d and the n u m b e r of d a y s 
t o flowering. N u m b e r of shoots, grain weight p e r ear and germinat ion h a d 
b u t a minor i n f l u e n c e on yield. E a r length s h o w e d a strong nega t ive ef fec t . 
L D K Y A N E N K O ( 1 9 6 6 ) studied t h e relationship betxveen yield pe r un i t area a n d 
o t h e r economic f e a t u r e s of the p l a n t and found a positive corre la t ion be tween 
y i e ld and leaf-rust resistance, g r a in yield and gra in /s t raw r a t i o , total grain 
w e i g h t and ave rage weight per e a r ; and a n e g a t i v e correlation between yield 
a n d t ime of ear ing p l a n t height a n d grain/s t raw ra t io . The a u t h o r emphasizes 
t h e importance of evaluat ing t h e correlations correct ly and po in t s out t h a t 
correlat ions f o u n d a t Krasnodar are valid u n d e r those condi t ions only a n d 
s h o w the wheat t y p e s to be p re fe r r ed at t h a t s i te . L E G R A N D ( 1 9 6 6 ) f o u n d 
pos i t i ve correlat ions between yie ld and plant h e i g h t , yield and ea r ing time, a n d 
p l a n t height and ea r i ng time respect ively. 
Li terature t h u s suggests t h a t correlation of a number of character is t ics 
w i t h yield in w h e a t depends to a grea t ex tent o n the mater ia l examined a n d 
t h e conditions of t h e exper imenta l site. 
Mater ia l and Method 
Studies were m a d e in 1965, 1966 a n d 1967 a t M a r t o n v á s á r , in t h e c u l t u r e plot of t h e 
w h e a t breeding g r o u p . Combina t ions w e r e produced b y m a k i n g h y b r i d i s a t i o n among H u n -
g a r i a n , Soviet, I t a l i a n , F r e n c h and G e r m a n variet ies. I n t h e F j , F 2 and F 3 g e n e r a t i o n s p l a n t s 
w e r e wide spaced (40 X 10 cm). In F 2 m a s s selection w h i l e i n F 3 ind iv idua l se lec t ion was ca r -
r i e d o u t . In cer tain c o m b i n a t i o n s s e l ec t i on was carr ied o u t o n more t h a n o n e occasion. 
The selected m o t h e r p l an t s were e x a m i n e d and t h e b e s t ones were se t i n a la t t ice des ign 
e x p e r i m e n t with f o u r r ep l i ca t i ons . T h e a r e a of the p lots w a s 0 .5 m 2 each. I n e a c h plot 80 g r a i n s 
w e r e sown with a s p a c i n g of 10X 5 cm. T a k i n g high g e r m i n a t i o n percen tage i n t o cons idera t ion , 
t h i s cor responded t o h a l f of the a m o u n t of grain used i n p r ac t i c e . 
Field o b s e r v a t i o n s were carr ied o u t in all f ou r r e p l i c a t i o n s . W e a t h e r condi t ions w e r e 
s u i t a b l e to carry o u t t h e expe r imen t s . I n case of i n s u f f i c i e n t rainfal l i r r i g a t i o n was app l ied . 
T h e soil of the c u l t u r e p l o t was r ich i n n u t r i e n t s . P e a s w i t h he l ian thus w e r e used as g r een 
c r o p preceding w h e a t . 
Results 
Correlations be tween grain yield and o t h e r character is t ics of whea t 
w e r e studied wi th a mater ia l e x a m i n e d in our " A " s t ra in trials. Character is t ics 
t h a t could be r e a d i l y observed, precisely m e a s u r e d and considered in selection 
as indicators were f i r s t studied. 
Correlation b e t w e e n the y ie lds of strains a n d the heights of plants was 
e x a m i n e d . Tables 1 and 2 show t h e average g r a i n yield and p l a n t height of 
s t r a i n s , their d i spers ion , extreme va lues and the corre la t ion coefficients . Charac-
t e r i s t i c s included i n one table a r e excluded f r o m t h e others. 
Yield averages show tha t p roduc t i v i t y is n o t t h e same in s t r a in s originat-
ing f r o m different combina t ions , t h u s correlat ions can be s t u d i e d a t various 
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Table 1 
Correlation between grain yield and plant height 
Combinat ion n 
Grain yield dag . P l a n t height cm 
X S e x t r e m e 
va lues 




Bezostaya l x H . 1444 F 3 23 22 5.15 1 5 - 3 5 95 8 .35 7 7 - 1 0 7 0 . 1 6 N S 
Bezostaya 1 X Etoi le de 
Choisy F , 19 22 2.54 19—28 87 5 .41 7 5 - 9 6 0.58*** 
(Bezostaya 1X Bánkut i 
1201 F j ) X Produ t to re 6 
F4 25 22 3.47 1 6 - 2 9 94 5 .71 8 1 - 1 0 4 0.48*** 
Skorospelka 3 X Pro-
dut tore 6 F s 42 17 2.06 1 4 - 2 1 79 7 .88 6 8 - 9 4 0.60*** 
Bez. l x San Pas to re F 5 74 18 2.99 1 4 - 2 7 81 6 .24 7 0 - 9 4 0.41*** 
1966 
Bezostaya l x H . 1444 F 4 53 29 4.48 1 7 - 4 3 115 6 .19 9 3 - 1 2 9 0.28** 
Bezostaya 1X Etoi le 
de Choisy F 4 22 32 3.99 2 5 - 4 0 106 7.80 9 5 - 1 1 8 - 0 . 1 5 N S 
Bezostaya 1X Pro-
dut tore 6 F 5 17 29 3.00 23—34 93 9 .48 8 3 - 1 0 9 0 . 1 5 n s 
Bezostaya 1X San 
Pastore F 6 20 28 4.08 2 2 - 3 4 92 8.32 8 0 - 1 0 8 0.40* 
Skorospelka З х Н . 
1444 F 4 31 29 6.20 17—42 110 9.99 1 0 1 - 1 2 7 — 0 .01 N S 
*** significant at P = 9 9 % 
** significant at P = 9 5 % 
* significant at P = 9 0 % 
N S
 non-significant 
yield levels . I n 1965 s t r a i n s selected f r o m the fo l lowing combinat ions were 
the b e s t : (Bezostaya 1 X Bánku t i 1201 Fx) X Etoi le de Choisy; Bezos t aya 
1 X 0.24 279; Bezos taya 1 X Etoile de Choisy; B e z o s t a y a 1 X San P a s t o r e ; 
and Bezos t aya 1 X P r o d u t t o r e 6; in 1966 Bezos taya 1 X H.1444, Skoros-
pelka 3 X H.1444, and Bezos taya 1 X Mironovskaya 808 ; in 1967 Bezos t aya 
1 X F e r t ő d i 293, Skorospe lka 3 X H.1444, Bezos t aya 1 X Mironovskaya 
808 and i ts reciprocal, as well as Bezos taya 1 X Mi ronovskaya 264. 
E x t r e m e values show t h a t even w i t h i n the co m b in a t i o n s there a re great 
differences in yield b e t w e e n the s t ra ins . In certain combina t ions g ra in yield 
of the bes t strains was tw ice as high as t h a t of the p o o r e s t ones. 
I n mos t combina t ions average p l a n t height of s t r a i n s was similar t o t h a t 
of Bezos taya 1. In severa l combina t ions , however, i t was higher t h a n t h a t , 
though even in these combina t ions p l a n t height in t h e lower s trains d id not 
exceed t h a t of the s t a n d a r d variet ies. 
Correlat ion coeff ic ients between yields and p l a n t heights of s t r a in s are 
generally positive, h u t n o t equally h igh in every c o m b i n a t i o n and y e a r . 
I n 1965 correlat ion was s ignif icant even at t h e P = 99 per c e n t level, 
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Table 2 
Correlation of grain yield and plant height 
1967 
Grain yield dag. P lan t h e i g h t c m 
Combinat ion n r 
X S ex t r eme X s ex t r eme 
va lue values 
Bezostaya l x M i r o -
novskaya 808 F4 69 28 3.61 18—35 107 9.22 87—120 0.41*** 
Bezostaya 1X M v 
- 0 . 0 8 N S 6 5 - 0 7 F4 96 25 3.83 13—32 109 9.40 71—134 
Bezostaya 1X Miro-
0 . 1 8 n s novskaya 264 F4 41 27 4.00 20—35 105 8.14 91—114 
Bezostaya 1X 
Fertődi 293 F5 59 32 3.81 22—38 102 3.44 92—114 0.44*** 
Bezostaya l x P r o -
dut tore (h) F5 71 29 2.64 22—39 93 8.42 71—113 0.25** 
Bezostaya l x E to i l e 
de Choisy F5 47 30 3.65 22—40 96 9.68 82—115 0.26* 
Bezostaya í x H . 1444 F3 51 31 5.69 21—43 109 7.50 91—125 0.42*** (Bezostaya l x F e r t ő d i 
293 F . ) x Bezos taya 1 F , 82 32 2,95 25—42 93 4.19 84—114 0.26** 
(Bezostaya l x E to i l e 
de Choisy F 2 ) X 
Bezostaya 1 F4 55 29 2.77 20—35 94 6.94 87—105 0,36*** (Bezostaya l x S a n 
Pastore F , ) x Bezos-
0 .22 N S t a y a 1 F5 44 29 2.73 2 3 - 3 3 91 5.90 82—104 
*** s ignif icant a t P = 99% 
** s ignif icant a t P = 9 5 % 
* s ignif icant a t P = 9 0 % 
non-s ignif icant 
in four out of t h e five combina t ions e x a m i n e d . No s ign i f i can t correlation 
•was found in t h e combinat ion of Bezostaya 1 X H.1444. I n 1966 none of t h e 
f i v e combina t ions examined s h o w e d any corre la t ion. 
In 1967 t e n combina t ions were e x a m i n e d . In four of t h e m correlations 
w e r e of m e d i u m strength, b e i n g significant even at the leve l of P = 99 p e r 
c e n t . In t h r e e combinat ions n o significant correlation w a s found. S t ra ins 
or iginat ing f r o m t h e combina t ion of Bezos t aya 1 X Eto i le d e Choisy were 
s tud ied for t h r e e years. In t h e f i r s t year a m e d i u m strong corre la t ion , signifi-
c a n t at the P = 99 per cent level was f o u n d between gra in yield and s t a lk 
he igh t , which was , however, n o t proved in t h e next two y e a r s . Progenies of 
t h e Bezostaya 1 X H.1444 combina t ion were also examined in every y e a r 
b u t correlation be tween yield a n d plant he ight was found only in t h e third yea r . 
The cor re la t ion coeff icient was general ly higher in combina t ions where 
p l a n s t were, on average, h ighe r and the r a n g e of var ia t ion wider . 
Correlation between t h e yields of " A " strains and t h e height of t h e 
m o t h e r p lan ts was also e x a m i n e d . 
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Table 3 
Correlation between the grain yield of "A" strains and the height of the mother plant 
Heigh t of previous yea r s 
Combinat ion n 
X s ex t r eme 
values 
г 
1 9 6 5 
1 9 6 6 
Bezostaya l x F e r t ő d i 293 F 4 
Bezostaya l x H . 1444 F 4 
Bezostaya 1X Etoile de Choisy F 4 
Bezostaya 1X Produt to re 6 F 5 
Bezostaya 1X San Pastore F 6 
Skorospelka З х Н . 1444 F 4 
(Bezostaya l x San Pastore F 2 )X 
Bezostaya 1 F 4 
Bezostaya 1X Mironovskaya 808 F 4 
Bezostaya l x M v 65—07 F 4 
Bezostaya 1X Mironovskaya 264 F 4 
Bezostaya l x F e r t ő d i 293 F 5 
Bezostaya 1X Produt tore (h) F 5 
Bezostaya 1X Etoile de Choisy F 3 
Bezostaya l x H . 1444 F 5 
(Bezostaya l x F e r t ő d i 293 F 4)X 
Bezostaya 1 F 4 
(Bezostaya 1X Etoile de Choisy F 2 ) x 
Bezostaya 1 F 4 
(Bezostaya l x San Pastore F 2 )X 
Bezostaya 1 F 5 
*** significant a t P = 99% 
** significant a t P = 9 5 % 
* significant a t P = 90% 
non-significant 
56 89 10.92 71—105 
53 89 7.81 70—107 
22 82 4.00 71—92 
17 73 9.29 61—90 
20 75 6.67 62—92 
31 83 8.81 69—100 
78 72 8.19 6 0 - 9 2 
1967 
69 110 10.75 83—126 
96 104 8.89 90—122 
41 104 7.42 91—120 
59 111 7.25 95—122 
71 96 10.95 78—120 
47 96 8.85 74—114 
51 110 8.25 88—130 
82 90 8.20 76—109 
55 95 14.12 87—110 
44 91 6.39 79—102 
Bezostaya l x H . 1444 F 3 23 76 9.68 5 6 - 100 — 0.43** 
Bezostaya 1 x Etoile de Choisy F 4 19 68 10.33 4 9 - 81 0.40* (Bezostaya l x B á n k u t i 1201 F 2 ) 
0 . 2 1 N S Produttore F 4 25 70 8.58 5 3 - 86 
Skorospelka 3 x Produt tore F 6 42 61 9.57 47— 76 - 0 . 0 7
N S 
0 .03" S Bezostaya 1X San Pastore F 5 74 65 7.51 5 1 - 79 
0 . 1 6 " S 
0 . 2 2 N S 
















Table 3 shows t ha t m o t h e r plants were low on t h e average, especial ly 
in t h e f i r s t two years , as we endeavoured t o isolate p lan t s wi th short s t a l k s 
f rom the popu la t ion , while t h e ex t reme va lues show tha t t h e i r range of v a r i a -
t ion was wide. I n cer ta in combina t ions t h e di f ference b e t w e e n the lowest a n d 
t h e highest p l a n t s was as m u c h as 40—44 c m . 
D a t a p resen ted in t h e t ab l e do no t show unequivoca l ly nega t ive o r 
posi t ive corre la t ions be tween t h e character is t ics examined . I n the B e z o s t a y a 
1 X H.1444 combina t ion a t P = 95 per c e n t , s ignif icant ly negative, w h i l e 
in t h e Bezos taya 1 X Etoi le de Choisy at P = 90 per cent significantly pos i -
t ive correlat ion was found in 1965. 
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In 1966 seven combina t ions were examined . In f i v e combina t ions no 
significant corre la t ion was f o u n d . S t ra ins originating f r o m the c o m b i n a t i o n 
of Bezos taya 1 X San P a s t o r e showed, however , a m e d i u m close pos i t ive 
correlation s igni f icant a t P = 99 per cen t . I n the combina t ion of (Bezos t aya 
1 X San P a s t o r e ) X Bezos t aya 1 cor re la t ion was loose, being s igni f icant at 
P = 95 pe r cen t . 
In f o u r ou t of the t e n combina t ions examined in 1967 no corre la t ion 
was found. I n t h e combina t ions of B e z o s t a y a 1 X Mironovskaya 808, Bezos-
t a y a 1 X H . 1 4 4 4 , Bezos taya 1 X MY 6 5 — 0 7 , Bezostaya 1 X Mironovskaya 
264 and B e z o s t a y a 1 X P r o d u t t o r e (h) posi t ive corre la t ion, s ign i f ican t at 
P = 99 per c e n t was found . Correlation w a s especially close in the combina t ions 
of Bezostaya 1 Mironovskaya 808 and B e z o s t a y a l x H.1444 . Da ta also show 
t h a t corre la t ions were f o u n d in combina t ions originating f r o m crosses a m o n g 
plants of d i f f e r e n t heights, a n d the selected p lants were, on average, h igh and 
h a d a wide range of v a r i a t i o n . Combina t ions showing correlation b e t w e e n 
t h e yield a n d t h e height of t h e mother p l a n t were p a r t l y identical w i t h those 
showing corre la t ion be tween yield and p l a n t height. 
Corre la t ions between yield and p l a n t height as well as be tween yield 
and height of t h e mother p l a n t having been determined in cer ta in combina t ions , 
correlation coefficients b e t w e e n the h e i g h t of the m o t h e r plant a n d p lan t 
heights of " A " strains were also ca lcu la ted . Results a re shown in T a b l e 4. 
Table shows tha t p l a n t heights in " A " strains examined in 1965 were, 
without excep t ion , in a pos i t ive cor re la t ion with the he ights of t h e m o t h e r 
plants . 
Corre la t ions of s imilar tendency, re l iab i l i ty and closeness were o b t a i n e d 
in 1966. 
In 1967 close cor re la t ion was f o u n d in the fol lowing combina t ions : 
Bezostaya 1 X Etoile de Choisy, Bezos t aya 1 X Etoile de Choisy, B e z o s t a y a 
1 X Mi ronovskaya 808, (Bezos taya 1 X San Pastore) X Bezostaya 1 and 
Bezostaya 1 X Fertődi 293. Non s ign i f ican t correlation was found in Bezos-
t aya 1 X Mironovskaya 264 only. In t h e combina t ions Bezos taya 1 X P r o d u t -
tore (h) a n d (Bezostaya 1 X Etoile de Choisy) X Bezos taya 1 cor re la t ion 
among p l a n t heights over t h e two years was very loose. On the o t h e r h a n d , 
plants in t h e last two combina t ions a re on the average small. 
Thus , in t h e great m a j o r i t y of combina t ions a close correlat ion was found 
in plant h e i g h t between " A " strains a n d mother p lan t s . 
Corre la t ion between gra in yield a n d growth season was s tud ied subse-
quent ly. T h e length of t h e growing season was de te rmined in 1965 a n d 1967 
by the t i m e of earing, vvhile in 1966 b y t h e t ime of r ipening. Resul ts a re pre-
sented b y T a b l e 5. 
The t a b l e shows b o t h the average and the e x t r e m e earing (r ipening) 
times of combinat ions . O u t of the f ive combina t ions examined in 1965 only 
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Table 4 
Correlation in plant height between mother plants and ' A" strains 




X 8 e x t r e m e 
va lues 
1965 
Bezostaya I x H . 1444 
Bezostaya 1X Etoile de Choisy 
(Bezostaya l x B á n k u t i 1201 F , ) x 
Produttore 
Skorospelka 3 X Produ t to re 6 








Bezostaya 1X Mironovskaya 808 
Bezostaya 1 X Mironovskaya 264 
Bezostaya l x F e r t ő d i 293 
Bezostaya 1X Produ t to re (h) 
Bezostaya 1 x Etiole de Choisy 
Bezostaya 1 x H. 1444 
(Bezostaya l x F e r t ő d i 293 F , ) x 
Bezostaya 1 
(Bezostaya l x Etoile de Choisy 
F 2 )X Bezostaya 1 
(Bezostaya l x S a n P a s t o r e F 2 ) x 
Bezostaya 1 
F4 69 107 9.2 
F4 41 105 8.1 
F5 59 102 3.4 
F5 71 93 8.4 
F5 47 96 9.7 
F5 51 109 7.5 
F4 82 93 4.2 
F4 55 94 7.0 









8 2 - 1 0 4 
23 76 9.7 56—100 0.52*** 
19 68 10.3 49—81 0.60*** 
25 70 8.6 53—86 0.67*** 
42 61 9.6 47—76 0.67*** 
74 65 7.5 51—79 0.62*** 
Bezostaya l x H . 1444 F4 53 115 6.2 93— 129 0.65*** 
Bezostaya 1X Etoile de Choisy F4 22 106 7.8 95— 118 0.76*** 
Bezostaya 1X Produ t to re 6 F5 17 93 9.5 83— 109 0.42* 
Bezostaya 1 x San Pas tore F6 20 92 8.3 80— 108 0.78*** 
Skorospelka 3 x H . 1444 F4 31 110 10.0 101 — 127 0.75*** 
0.81*** 








*** significant a t P = 9 9 % 
** significant a t P = 95% 
* significant a t P = 90% 
non-significant 
Bezos taya 1 X San Pas tore displayed a v e r y loose n e g a t i v e corre la t ion . 
O u t of the six combina t ions examined in 1966 a positive, loose bu t s ign i f ican t 
a t P = 99 per c e n t correlat ion was found in two combina t ions : B e z o s t a y a 
1 X Etiole de Choisy and Bezos taya 1 X P r o d u t t o r e 6. 
In four of t h e ten combina t ions s tudied in 1967, n a m e l y : Bezostaya 1 X 
Mironovskaya 808, Bezos taya 1 X Mv 65 07, Bezostaya 1 X Mironovskaya 
264 and Bezos taya 1 X P r o d u t t o r e (h), m e d i u m close a n d loose — t h o u g h 
signif icant at P = 99 per cent correlations w e r e found . These a re combina t ions 
where the pollen p a r e n t belongs to a va r ie ty several days l a t e r than t h a t of 
t h e seed pa ren t , a n d the r a n g e of hybrid v a r i a t i o n is wide . 
There was a very loose posit ive cor re la t ion also in t h e combina t ions 
(Bezostaya 1 X Fe r tőd i 293) X Bezostaya 1 a n d Bezostaya 1 X Fertődi 293 . 
I n four combina t ions no s igni f icant correla t ion in any d i rec t ions was f o u n d . 
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Table 5 
Correlation of yield and growth season 
Combina t ion 
Growth season 
e x t r e m e values 
1965 
Bezostaya l x H . 1444 F 3 23 J u n e 10 3.51 J u n e 3 - June 15 0.03 
Bezostaya 1 x E to i l e de Choisy FT 19 J u n e 3 1.06 J u n e 1 - June 5 — 0.10 
(Bezostaya l x B á n k u t i 1201 F x ) 
X Prod. 6 FI 25 J u n e 6 2.61 J u n e 2 - June 12 0.09 
SkorospelkaX P r o d u t t o r e 6 F 5 42 J u n e 4 1.83 J u n e 1 - June 9 — 0.19 
Bezostaya l x S a n P a s t o r e F 5 74 J u n e 8 1.30 J u n e 5 - June 10 — 0.23 
1966 
*** s igni f icant a t P = 9 9 % 
** s igni f icant at P = 9 5 % 
NS 
s igni f icant at P — 9 0 % 
non-signif icant 
Bezostaya l x H . 1444 FI 53 J u l y 11 2.18 J u l y 6 - July 14 0 .03 N S 
Bezostaya 1X E to i l e de Choisy FI 22 J u l y 6 1.55 J u l y 3 - July 9 0.44** 
Bezostaya 1X P r o d u t t o r e 6 F 5 17 J u l y 6 2.04 J u l y 4— July 10 0.45** 
0.09ns 
0.19ns 
Bezostaya 1X S a n Pastore FE 20 J u l y 4 1.31 J u l y 2 - July 8 
Skorospelka З х Н . 1444 F I 31 J u l y 9 2.65 J u l y 4— July 13 
(Bezostaya 1X S a n Pastore F ) 2 X 
0 .06 N S Bezostaya 1 FI 78 J u l y 
1967 
6 2.25 J u l y 3 - July 9 
Bezostaya 1X Mironovskaya 
0.34*** 808 F 2 69 May 24 2.72 May 18 - M a y 29 
Bezostaya l x M v 65—07 FI 96 M a y 23 2.89 May 19 - M a y 31 0.56*** 
Bezostaya 1X Mironovskaya 264 F . 41 M a y 24 3.08 M a y 18-- M a y 30 0.40*** 
Bezostaya l x F e r t ő d i 293 F 5 59 May 19 1.88 May 14 - M a y 25 0.22* 
Bezostaya 1X P r o d u t t o r e (h) F 5 71 M a y 21 1.74 M a y 16-- M a y 24 0.33*** 
0.UNS 
- 0 . 0 3 N S 
Bezostaya 1X E to i l e de Choisy F 5 47 May- 21 2.09 May 18 - M a y 28 
Bezostaya l x H . 1444 F 5 51 May 26 3.06 M a y 18 — June 5 
(Bezostaya l x Fer tődi 293 I ' \ )X 
Bezostaya 1 F I 82 M a y 19 1.67 May 15 - M a y 25 0.22** 
(Bezostaya 1X Eto i le de Choisy 
— 0 . 0 9 n s F 2 )X Bezos taya 1 FI 55 M a y 22 1.68 May 20 - M a y 25 
(Bezostaya l x S a n Pastore F 2 ) X 
- 0 . 0 4 w s Bezostaya 1 F 5 44 M a y 21 1.44 May 18 - M a y 25 
Conclusions 
In " A " strains or ig ina t ing from t h e combinat ions examined no consis t -
e n t corre la t ion was found in t h e d i f fe rent yea r s . However , when combina t ions 
were s tud ied separately , severa l charac ter i s t ics were f o u n d to be e i t h e r posi-
t ively or nega t ive ly cor re la ted with t h e yield. 
F r e q u e n c y of correla t ions between g ra in yield a n d p l a n t height i n " A " 
strains as wel l as between t h e grain y i e ld of " A " s t r a in s and the h e i g h t of 
t h e mothe r p l a n t suggest t h a t plant h e i g h t m a y indica te p roduc t iv i ty in cer-
t a i n combina t ions . 
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T h e close correlat ion be tween p l a n t heights of m o t h e r p lants a n d " A " 
s t ra ins in most cases shows the inher i t ab le na tu re of p l a n t height , in sp i t e of 
the f a c t , t h a t mother p l an t s were s tud ied in sparsely spaced , while " A " s t ra ins 
in dense s t and . Therefore , in combina t ions showing a correla t ion b e t w e e n t h e 
grain yield of strains a n d t h e p lan t he igh t t h e la t ter can be accepted as a basis 
for select ion, t h a t is, p l a n t height m a y be a suitable i n d i c a t o r of p r o d u c t i v i t y . 
I t should be added , t h a t corre la t ion between gra in yield a n d p l a n t 
height is a peculiar i ty charac ter i s t ic of t h e combinat ion . I t generally occurs in 
combina t ions obta ined b y crossing p l a n t s of different he igh t . 
N a t u r a l l y , selection t h rough p l a n t he igh t is possible only in combina t ions 
where t h e taller t ypes are also su i tab le for breeding purposes . Conclusions 
d rawn concerning t h e pos i t ive corre la t ion of p lant height a n d grain yield corre-
spond w i t h results ob t a ined b y C L A R K H O O K E R ( 1 9 2 6 ) , T O R R I E ( 1 9 3 6 ) and 
L E G R A N D ( 1 9 6 6 ) . 
D a t a on the grain yield and g r o w t h season of s t r a ins suggest t h a t u n d e r 
H u n g a r i a n condit ions l a t e types are n o t more p roduc t ive . This s t a t e m e n t 
does n o t cont radic t t h e loose posit ive correla t ion found in 1967 in fou r combi-
na t ions , since no real ly l a t e p lan ts were included in t h e s e popula t ions . 
A f t e r all, it is selection of early p l a n t s f rom the e x a m i n e d ma te r i a l t h a t 
seems t o be reasonable, since earliness is an agronomic a d v a n t a g e under H u n g a r -
ian condi t ions and does n o t mean a n y d i sadvan tage in p roduc t iv i t y e i ther . 
O u r results conf i rm L U K Y A N E N K O ' S f indings ( 1 9 6 6 ) b u t cont rad ic t obser-
va t ions m a d e by C L A R K H O O K E R ( 1 9 2 6 ) , B H I D E ( 1 9 6 3 ) a n d L E G R A N D ( 1 9 6 6 ) . 
This con t rad ic t ion is caused by t h e f a c t t h a t wheat t y p e s grown succesful ly 
in d i f f e r en t exper imenta l sites are no t t h e same. Under H u n g a r i a n condi t ions , 
j u s t as a t Krasnodar , ear ly variet ies r ipen before t h e s u m m e r d r o u g h t can 
be successful ly grown. L a t e variet ies a re n o t able to d i sp lay their p r o d u c t i v i t y , 
as thousand-gra in -we igh t canno t fu l ly develop in t h e m . 
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CHLORIDE ION CONTENT IN NORMAL AND 
PATHOLOGICAL EWE-MILK 
B y 
A . W A G N E R 
MILK TRUST, CONTROL STATION OF MILK PRODUCTS, BUDAPEST 
The p a p e r dea l s w i th t h e ch lo r ide ion c o n t e n t of n o r m a l and p a t h o l o g i c a l ewe-
mi lk s u b j e c t e d t o t h e S c h a l m - t e s t , m e r c u r i m e t r i c t i t r a t i o n a n d b i o m e t r i c a l examina -
t i on , and d e t e r m i n e s an a v e r a g e of 77 m g % for n o r m a l a n d a l imi t of 140 m g % or 
ove r for p a t h o l o g i c a l ewe-mi lk . 
In t roduct ion 
Few da ta are presented in t h e l i te ra ture on t h e chloride ion content 
of ewe-milk. 
The earliest in format ion on chloride ion c o n t e n t was given in 1881 by 
Wei ske and Ke nnepoh l (cit. GRIMMER 1910) who on t h e basis of t h e chloride 
pe rcen tage in t h e ash conten t de t e rmined by t h e m f o u n d it to be 55.8 m g % . 
L a t e r R I E V E L — F E T T I C K (1909) found 70.9 m g % , while Abde rha lden (cit. 
GRIMMER et al. 1930) 129.7 m g % . T h e most recent d a t a are those of D R O E S E 
STOLLEY (1960), t h e y de te rmined 71.0 mg % , while our Stat ion in t h e course 
of inves t igat ions 85.0—175.0 m g % as the va lue of chloride ion content . 
I t is not only because of t h e low number of l i t e ra ry da ta h u t also due 
to t h e diagnostical significance of t h e subject t h a t t h e p resen ta t ion of the 
successively ob ta ined da ta is so i m p o r t a n t , as inves t iga t ions h a v e revealed 
t h a t demons t ra t ion of increase in t h e chloride ion con t en t may be a comple-
m e n t a r y test in diagnosing mas t i t i s not only in ca t t le ( R E D A E L L I — N A N I 
1 9 5 7 , H A U K E SCHÖNHERR 1 9 6 3 ) h u t in sheep too , as proved b y t h e correla-
t ion coefficient of 0.85 at 0.1 P % obta ined in compar i son with t h e Schalm-
t e s t a f t e r 39 measu remen t s . 
The la t ter f ind ings were conf i rmed from a d i f f e ren t aspect w h e n BERKE 
(1933) pointed ou t t h a t the biochemical proper t ies of cow's mi lk and ewe-
mi lk , and their biological and pathological changes are qua l i t a t ive ly similar. 
I t must also be t aken in to considerat ion, of course , t ha t a t t h e beginning 
a n d end of lac ta t ion t h e chloride ion content of ewe-milk is higher t h a n in the 
midd l e of l ac ta t ion , and in order t o obtain a pe r fec t diagnosis chloride ion 
c o n t e n t must be de te rmined in milk originating f r o m t h e other half udde r too. 
Another reason why it is so impor t an t to c lear up this ques t ion is t ha t 
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w i t h t h e increased appl icat ion of t h e mechanical milking of ewes a growing 
n u m b e r of mas t i t i s cases and t h e re la ted danger of food poisoning (staphylo-
coccosis) can be r eckoned with. T h a t is why bes ide t h e clinical examina t ions 
i m p r o v e m e n t and s implif icat ion of l abora to ry diagnost ical m e t h o d s are so 
i m p o r t a n t . 
The above op in ion was c o n f i r m e d by our inves t igat ions in which 9 
(0.87 per cent ) of 1032 hand mi lked , and 34 (6.20 pe r cent) of 532 mechanical ly 
m i l k e d ewes p r o v e d to suffer f r o m mast i t is . 
Mater ia l and Method 
I n each tes t m i lk originating f r o m one half u d d e r of a single ewe was used. 
Chloride ion e x a m i n a t i o n is p e r f o r m e d with the V o l h a r d method (ci t . ERDEY 1966) 
all o v e r the world. Th i s me thod , however , requires re la t ive ly high quan t i t i e s of milk (50 ml 
for e a c h test) , is compl i ca t ed , difficult t o eva lua te , and the re fo re unsui table fo r examina t ions 
of who le flocks. 
There are more up - to -da t e m e t h o d s of chloride ion de te rmina t ion , e.g. amperomet r ic , 
Po ten t iome t r i e , cou lombomet r i c t i t r a t i o n s , etc . (KACSKOVICS—SCHUMANN 1968), t hey have 
h igh i n s t rumen t , space a n d condition r equ i r emen t s , however . 
The method m o s t su i table for t he p r e s e n t s tudy is mercur ime t r i c t i t r a t i o n (PAZDERKA— 
RADEMACHER—KRÁLOVE 1 9 6 7 ) w h i c h — a c c o r d i n g t o E R D E Y ( 1 9 6 6 ) — i s b a s e d o n t h e 
p h e n o m e n o n of H g | + a n d H g 2 + ions in n i t r i c media r eac t ing to d iphenylcarbaz ide dissolved 
in a l coho l (ethanol) e i t h e r wi th violet co loura t ion or w i t h b lue prec ip i ta t ion depending on 
t h e i r quant i t ies . This r e a c t i o n is i nh ib i t ed b y the chloride ions. 
Descript ion of t h e tes t . 1 ml of t h e sample is p laced in a t e s t - tube conta in ing 4 ml 
1.25 p e r cent nitr ic ac id , shaken up , t h e n two drops of e t h a n o l - d i p h e n y l c a r b a z i d e ( 0 = C / 
N H • N H • C eH5)2 , (0.5 g/100 ml e thano l ) are added, s h a k e n u p again, t h e n f r o m a micro-
b u r e t t e or pipet te of 0 .01 ml scale t i t r a t e d w i t h 0.0141 n mercu ry -n i t r a t e ( H g N 0 3 ) 2 solution 
u n t i l t h e content of t h e t e s t - t u b e changed f r o m opaque wh i t e i n to a pale lilac colour. Mercury-
n i t r a t e solution of 1.0 f a c t o r reduced b y 1 ml corresponds t o 100 m g % chlor ide ion. 
Resul ts were e v a l u a t e d on the bas i s of SVÁB'S (1967) b iométr ie m e t h o d , b y calculating 
a r i t h m e t i c means, d i spers ion and s ignif icance. 
Chloride ion c o n t e n t was compared w i t h the resul t of t h e Schalm-tes t wh ich had been 
p r o v e d in our previous p a p e r to be s u i t a b l e for detect ing m a s t i t i s in sheep. 
Results 
T h e results of chloride ion de t e rmina t ion are presented in Tables 1 to 5. 
Discussion 
Chloride ion resu l t s of ewe-milk showing nega t i ve reaction t o t h e Schalm-
t e s t generally agree w i t h the r e su l t s published so f a r . Chloride ion content in 
ewe-mi lk giving 1-f - , 2-)-, 3-f- r e ac t i ons is r e m a r k a b l y high c o m p a r e d to the 
n e g a t i v e milk samples , therefore m a s t i t i s or pa thologica l changes in milk are no t 
d i f f i cu l t to diagnose when the biological, pa thologica l and epidemiological 
cond i t ions of the f l o c k are known. Diagnost ical diff icul t ies are caused by milk 
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Table 1 
Chloride ion content in milk giving negative reaction to Schalm-test 
X , 6 6 X , 
mg% observation total mg% 
5 7 6 3 4 2 
5 8 l 5 8 
6 0 4 2 4 0 
6 7 3 1 9 2 
6 7 6 4 0 2 
7 1 8 5 6 8 
7 5 2 1 5 0 
7 8 5 3 9 0 
8 2 5 4 1 0 
8 5 3 2 5 5 
8 9 4 3 5 6 
9 6 2 1 9 2 
9 9 1 9 9 
1 0 3 3 3 0 9 
1 1 0 1 1 1 0 
1 1 3 2 2 2 6 
1 2 1 1 1 2 1 
n i = 57 Z f j X i = 4420 X i = ~ J j r ± = 77 m g % 
"1 
Table 2 
Chloride ion content in milk giving uncertain reaction to Schalm-test 
X , U 1 (Х, 
mg% observation total mg% 
1 2 7 l 1 2 7 
1 3 8 l 1 3 8 
1 4 0 l 1 4 0 
1 4 9 l 1 4 9 
1 5 2 l 1 5 2 
п
г
 = 5 ZfiXt = 706 x2 = - J j ~ L = 141 m g % 
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Table 3 
Chloride ion content in euie-milk giving l-f- reaction to Schalm-tesl 
X. fi f ( X , 
mg% observation to ta l mg% 
1 5 4 l 1 5 4 
1 6 0 i 1 6 0 
1 6 3 2 3 2 6 
1 7 0 1 1 7 0 
1 7 2 4 6 8 8 
1 7 4 1 1 7 4 
1 7 5 3 5 2 5 
n3 = 13 Z f j X , = 2197 Х з = : f ' X ' = 169 m g % 
n j 
Table 4 
Chloride ion content in ewe-milk giving 2-j- reaction to Schalm-tesl 
Xf f ( 
mg% observation total mg% 
1 7 2 i 1 7 2 
1 7 4 i 1 7 4 
1 7 5 2 3 5 0 
1 9 5 1 1 9 5 
2 0 2 1 2 0 2 
n, = 6 Z f j X j = 1093 x , = = 182 m g % 
"f 
Table 5 
Chloride ion content in ewe-milk giving 3 + reaction to Schalm-tesl 
x f f,- f,X,-
™g% observation total mg% 
2 5 8 i 2 5 8 
2 9 3 i 2 9 3 
n5 = 2 Z f , X j = 551 X.5 = - = 275 m g » | 
n5 
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samples giving unce r t a in react ions; t h e limit value m u s t be a round t h e average 
of mi lk samples giving uncer ta in a n d 1-)- react ions (Tables 2, 3). 
M e a n value of d a t a contained in Tables 2 and 3 on the basis of t h e fo rmula 
X = * f i x i
 i s 1 5 5 . 0 m g % . 
n2-\-n3 
Sum of squares of devia t ions 
l У X I2 
SQ2+3 = - = 214.05. 
S t a n d a r d dev i a t i on : 
•S2+3 = 
ЭД2+3 
= 14.62, which seems r ight because 
n2 + n3 — l 
X ± S 2 + 3 = 155 i 14 = 141, 169 mg % , which corresponds t o the 
values of X2» X3-
Devia t ion of differences: 
si _
 = 3 3 5 . 7 5 
П
ч
 — 1 i 2 
S| = — 191.33 
По — 3 1 
si SÎ 
— H = 9.04. 
По П., 
Signif icance analysis: 
va lue of t = X '2 — A ; î = 3 . 0 9 . 
Sa 
Degree of f reedom: (FG) = n , -f- n 3 2 = 16 
P = 1 % . 
T h e r e is a s igni f icant difference of 9 9 % probab i l i ty be tween t h e da t a 
of Tab le s 2 and 3. 
According to t h e da t a of t h e calculations and tables, as well as o ther 
d a t a t a k e n in considerat ion, chlor ide ion con ten t s over 140 m g % in milk 
o b t a i n e d f rom one hal f under sugges t mast i t is , or some other pathological 
change of the milk. 
Acta Agronomica Academiae Scientiarum Hungaricae 22, 1973 
158 A. W AGNER 
References 
BERKE, P. (1933): A d a t o k a j u h t e j e n z y m a reakcióihoz (S t a t emen t s regard ing the enzyme 
reaction of ewe ' s milk). Ál la torvosi értekezés. Á l l a to rvos tudomány i E g y e t e m (Disser-
tat ion to p a s s Ve t . D. Ve te r ina ry Univers i ty) , B u d a p e s t . 
DROESE, W.—STOLLEY, H. (1960): Ernährungsphys io log i sche Be t r ach tungen ü b e r die Milch 
verschiedener Säugetier und die Möglichkeiten einer Veränderung der Kuhmi lch f ü r 
die Bedür fn i sse des Menschlichen Säuglings. Münchener Medizinische Wochenschr i f t , 
1 0 2 , 4 5 — 5 0 . 
ERDEY, L. (1966): Bevezetés a kémiai analízisbe ( In t roduc t i on into chemical analysis) . I. Tan -
könyvkiadó, B u d a p e s t , 69. 
ERDEY, L. (1966): Bevezetés a kémia i analízisbe ( I n t r o d u c t i o n into chemical analysis). I I . 
T a n k ö n y v k i a d ó , Budapes t , 271. 
GRIMMER, W. (1910): Chemie und Physiologie der Milch. P a u l Parey . Berl in. 179. 
GRIMMER, W.—WEIGMANN, Н,—WINKLER, W. (1930): H a n d b u c h der Mi lchwir t schaf t . 1/1. 
Die Milch. J u l i u s Springer. Wien . 71. 
H A U K E , H . — S C H Ö N H E R R , W . ( 1 9 6 3 ) : B e i t r a g z u r M a s t i t i s s c h n e l l d i a g n o s e m i t o b e r f l ä c h e n -
aktiven De te rgen t i en . Mona t she f t e fü r Veter inärmediz in , 18, 937—941. 
KACSKOVICS, M.—SCHUMANN, R . (1968): Klorid ion megha tá rozása kü lönböző élelmiszerek 
vizsgálatánál po tenc iomet r ikus t i t rá lássa l (Chloride ion de te rmina t ion b y Potent io-
metrie t i t r a t i o n in the analysis of var ious foods tuf fs ) . Élelmiszervizsgálat i Köz lemények , 
14, 183—189. 
P A Z D E R K A , J . — R A D E M A C H E R , R . — K R Á L O V E , H . ( 1 9 6 7 ) : S t a n o v e n i c h l o r i d u v m l e c e . V e t e r i -
n á r s t v i , 1 7 , 2 0 6 — 2 0 9 . 
REDAELLI, G.— NANI, S. (1957): II c o m p o r t a m e n t o dei cos t i tuent i chimici del l a t t e nella mas-
t i te bovina d a "S t rep tococcus aga lac t i ae" . Arch iv io Veter inario I t a l i ano , 8, 547—559. 
RIEVEL, H.— FETTICK, O. (1909): Tejhigiénia (Milk hygiene) . Magyar Országos Állatorvos 
Egyesület , B u d a p e s t , 37. 
SVÁB, J . (1967): B iomet r i a i módszerek a mezőgazdasági k u t a t á s b a n (Biometr ie methods in 
agricultural research work). Mezőgazdasági K i a d ó , Budapes t , 23, 24, 41, 42. 
Acta Agronomica Academiae Scientiarum Hungaricae 22, 1973 
Acta Agronomica Academiae Scientiarum Hungaricae, Tomus 22 (1—2), pp. 159 —164 (1973) 
THE MACRO- AND MICROELEMENT CONTENT 
OF THE FLOWER 
B y 
J . F R A N K , Z . L E N D V A I 
RESEARCH INSTITUTE OF FEED PRODUCTION, IREGSZEMCSE 
The a u t h o r s s t u d i e d the m a c r o - a n d m i c r o e l e m e n t con ten t s of f l o w e r s in pe ta l s 
a n d carpels s e p a r a t e l y . On the b a s i s of q u a n t i t a t i v e ana lyses t h e y t r i e d t o f i n d an 
e x p l a n a t i o n fo r t h e d i f f e r en t i a t ed i m p o r t a n c e of v a r i o u s e lements in f r u i t f o r m a t i o n . 
T h e m a c r o e l e m e n t s ( excep t m a g n e s i u m ) as well as i r o n a n d m a n g a n e s e of t h e micro-
e l e m e n t s were f o u n d t o decrease w h i l e copper a n d z inc in tens ive ly i n c r e a s e in t he 
f l o w e r as c o m p a r e d t o t he v e g e t a t i v e organs . F l u c t u a t i o n s in t he s u r p r i s i n g l y low 
r a t i o s of Mn/Cu a n d Mn/Zn were c a u s e d in mos t c a se s b y d i f ferences in coppe r and 
z i n c con ten t s r a t h e r t h a n by those i n m a n g a n e s e c o n t e n t s . 
Introduction 
Beside the wide-spread p rac t i ce of supplying macroelements b y fertili-
za t ion t h e necessity f o r combining ferti l izers wi th microelements h a s recent ly 
been a subject of f r e q u e n t discussion. Long ago researchers called a t t en t ion 
to t h e physiological impor tance of microelements (found in t h e periodic 
tab le a t some d i s tance f rom the " l i n e of the n u t r i t i v e elements") w h i c h occur 
at low concent ra t ions in plants. Th i s does not , n a t u r a l l y , mean t h a t t h e bio-
chemical background of this sub jec t has been suf f ic ien t ly e labora ted , and for 
some t i m e the so lu t ion of long-term object ives in p l a n t product ion has pa r t ly 
been b a s e d on this w o r k . I t has been proved, n a m e l y , t ha t unde r f avourab le 
condi t ions the microe lements m a y p r o m o t e the improvemen t of qua l i t a t ive 
and q u a n t i t a t i v e indices of yields. A wide range of publicat ions dea l wi th the 
role of manganese ( K L I M O V K L I M O V A 1 9 6 6 , V L A S Y U K KOVALTSCHUIC 1 9 6 7 , 
R A J A P A K S E NORTON 1 9 6 8 , TOMS 1 9 6 8 , TÖLGYESI 1 9 6 9 , V L A S Y U K KLIMO-
VITZKAYA 1 9 6 9 ) , z inc (JELENKOVIC 1 9 6 6 , M A S E V 1 9 6 6 , P A T A R I N S K I 1 9 6 7 ) , 
copper ( P E J V E 1 9 6 7 , ALEKSEEV POLYAKOV 1 9 6 8 , A N D R E E V MIHAYLIT-
SCHENKO 1 9 6 8 ) , m o l y b d e n u m ( A V D O N I N A R E N S 1 9 6 6 , KLIMOV KLIMOVA 
1 9 6 6 , N I K I S K I N A M E D V E D E V A 1 9 6 6 , GODNEV L E S I N A 1 9 6 7 , P E T K O V 1 9 6 8 , 
B O S W E L L - A N D E R S O N 1 9 6 9 ) and o t h e r microelements in p lan t metabol i sm. 
Appropr i a t e re inforcement of deficient microe lement reserves in the 
soils of H u n g a r y can b e carried ou t on ly if suf f ic ient analytical d a t a are avail-
able. T h e proper w a y is to comple te the microelement analysis of the soil 
with t h e analytical resu l t s of the cu l t iva ted p l a n t s in question. Accordingly, 
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in t h e course of summar iz ing t h e sub jec t in some detail , S P E C T O R ( 1 9 5 6 ) and 
T Ö L G Y E S I ( 1 9 6 9 ) discussed t h o r o u g h l y the mine ra l composit ion of various 
p l a n t organs exc lud ing the f lower . Spector — while ment ioning t h e flower — 
t o u c h e d upon t h e question b u t s l ight ly . Since exper iments concerning this 
s u b j e c t have h a r d l y been pe r fo rmed it is easy t o u n d e r s t a n d w h y such results 
a re missing f r o m t h e text -books a n d special reviews. We th ink , however , t h a t 
t h e idea of real iz ing this work is n o t only jus t i f i ed b y a demand on complete-
ness , i t is also considered a f u r t h e r s tep in the s t u d y of f rui t f o r m a t i o n . 
Material and Method 
W h e n co l l ec t ing ma te r i a l for t h e e x a m i n a t i o n s w e e n d e a v o u r e d to i n c l u d e bo th he r -
b a c e o u s and l igneous p l a n t s in t he s a m p l e s . In t he t a b l e s showing t he m a c r o - and micro-
e l e m e n t c o n t e n t s of f l o w e r s peta ls a n d c a r p e l s are g r o u p e d s epa ra t e ly . F l o w e r s w e r e collected 
i m m e d i a t e l y be fo re t h e dehiscence of a n t h e r s , so t he a n a l y t i c a l d a t a of t h e a n t h e r can be 
c o n s i d e r e d as of f u l l v a l u e . 
Samples w e r e d r i e d for e ight h o u r s a t 60 °C in a n exs icca tor , t h e n pu lve r i zed in a 
b r a y i n g m o r t a r . T h e r e q u i r e d a m o u n t of d r y m a t t e r t h u s o b t a i n e d was r e d u c e d to ashes in 
a h e a t i n g f u r n a c e . S a m p l e s were t h e n p l a c e d in to a m i x t u r e of cc. HCl, ce. H N 0 3 a n d disti l led 
w a t e r of a ra t io of 1 : 1 : 8 and boi led t o m a k e a m o r e p e r f e c t solution. T h e decoc t ion w a s 
u l t i m a t e l y d i lu ted w i t h disti l led w a t e r t o a 20 ml s t o c k - s o l u t i o n wi th an ac id c o n c e n t r a t i o n 
of a b o u t 2 per c e n t . Ca , Mg, Na , K , F e , Mn, Zn a n d Cu c o n t e n t s were d e t e r m i n e d w i t h 
a P e r k i n - E l m e r 290 B . - t v p e a t o m - a b s o r p t i o n s p e c t r o - p h o t o m e t e r . 
Results 
The i n t r o d u c t i o n in which as a con t r a s t t o the t i t le — t h e special 
l i t e r a tu re on microelements is dea l t with exclusively and the re fo re m a y 
be considered as one-sided by m a n y will be easily unders tood w h e n t h e results 
h a v e been e v a l u a t e d . We should l ike to make i t clear t ha t it is w o r t h paying 
a n a t ten t ion to t h e microelements as well as t h e macroe lements — f rom 
t h e point of v iew of the deve lopmen t and t h e f i n a l s ta te of deve lopment in 
t h e reproduc t ive organs. 
In the course of analysing t h e macroe lements of the f lower we found 
t h a t potass ium a n d calcium c o n t e n t s were lower t h a n in t h e fol iage leaves 
a n d higher t h a n in t h e seed, whi le sodium showed an increasing tendency. 
T h e l a t t e r resul t was very surpr is ing . I t can also be clearly seen f r o m Table 1 
t h a t t h e magnes ium content of f lowers is suf f ic ien t ly balanced as compared 
t o magnes ium f luc tua t ions in t h e vegeta t ive organs . Calcium accumula tes 
p r imar i ly in t h e sepals and s t a m i n a , while in t h e pistil displays a very low 
percen tage occurrence . On the basis of the ana lyses on the f l ower the high 
po tass ium con t en t of papi l ionaceae is well de f ined too. 
As c o m p a r e d to the microe lement level of vegeta t ive organs first of 
all foliage leaves -— the microelements concerned can be classified into two 
Acta Agronomica Academiae Scientiarum Hungaricae 22, 1973 
MACRO- AND MICROELEMENT CONTENT 161 
Table I 


























Ash con ten t 
g/100g 
Ca Mg 
g /100 g 
6.60 
8 . 9 1 
8 . 5 3 
7 . 9 7 
5 . 5 2 
7 . 5 3 
5 . 0 8 
5 . 7 2 
5 . 1 4 
7 . 9 9 
7 . 1 9 
6 . 6 5 
5 . 6 9 
5 . 5 2 
5 . 2 2 
5 . 4 4 
6 . 9 2 
2.62 
3 . 8 5 
0 . 6 4 
1 . 0 3 
1 . 0 7 
0.80 
0 . 7 0 
3 . 8 2 
2 . 5 3 
3.00 
2.60 
4 . 1 0 
3 . 5 3 
1 . 2 5 
1 . 6 9 
1 . 7 0 
1.88 
1.26 
1 . 9 3 
0.20 
0 . 5 9 
0 . 5 8 
0 . 7 8 
0 . 6 3 
0 . 8 3 
0 . 4 0 
0 . 8 9 
0 . 3 1 
0 . 3 2 
0 . 3 8 
0 . 5 6 
0 . 3 4 
1 . 6 4 
0 . 5 9 
0 . 4 8 
0 . 9 6 
1.08 
0 . 3 1 
0 . 1 5 
0 . 1 7 
0 . 1 7 
0 . 2 2 
0.20 
0 . 2 6 
0.16 
0 . 4 7 
0.33 
0 . 4 6 
0 . 3 9 
0 . 5 0 
0 . 4 2 
0 . 1 8 
0 . 2 4 
0 . 2 3 
0 . 3 6 
0.20 
0.21 
0 . 0 7 
0 . 1 4 
0.11 
0 . 1 3 
0 . 0 7 
0 . 1 9 
0.12 
0 . 0 5 
groups . O n e of t h e g r o u p s includes i r o n a n d m a n g a n e s e , t h e o ther c o p p e r and 
zinc, w i t h a decreas ing a n d increas ing (or s t a g n a t i n g ) t endency , r e s p e c t i v e l y . 
As a consequence , f l o w e r s of the p l a n t s p resen ted a r e charac te r ized b y essen-
t ia l ly d i f f e r e n t p r o p o r t i o n s of mic roe l emen t s , as e x p r e s s e d by the M n / Z n ra t io 
a lmos t r egu la r ly lower t h a n one, a n d o f t e n s imilar ly l o w ra t io of M n / C u (Table 
2). I t is in te res t ing t h a t t h e di f ferences be tween t h e s e low values a re genera l ly 
caused b y f l u c t u a t i o n s in t h e copper a n d zinc c o n t e n t s r a t h e r t h a n in t h e man-
ganese c o n t e n t . W h e n c o m p a r i n g t h e f l o r a l organs in t h e s e three p l a n t s w e f ind 
an i nc rea sed copper c o n t e n t in t h e c a r p e l s . The m i c r o e l e m e n t a c c u m u l a t i o n in 
t h e po l l en is a c c o m p a n i e d b y an even m o r e in tens ive decrease in t h e macroe le -
m e n t s m e n t i o n e d (Tab l e s 1 and 3). 
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Table 2 
Microelement content of pollen in various plant species 
Samples 
microelemenl s Mn Fe Zn Cu 
plant species 
L p H L P H L P H L p H 
R r a c t 10 156 8 3 
Sepal 12 62 28 85 140 330.8 9 59 89 4 24 48 
P e t a l 11 100 23 4.6 
S t a n d a r d 37 25.9 160 151.5 68 52 48 48 
Wings 36 29.5 140 192.6 60 57.6 24 50 
K e e l 55 28 170 129.8 74 52 30 37 
S t a m e n 15 36 26.2 40 100 224.9 9 48 86.2 5 20* 75 
Pis t i l 7 27 19.1 30 110 138.2 9 94 78.7 6 39 69 
Note: Resul t s are given in m g / k g . 
Signs and abbrevia t ions used: 
L = linden 
P = pea 
H = horse b e a n 
* = wi thout pollen 
Table 3 
Microelement content of pollen in sunflower and hazel 
Sample 
F e Cu Mn Zn 
Sunf lower 50 20 8 30 
H a z e l 220 31 46 80 
Conclusions 
The most genera l conclusion d r a w n f rom t h e results ob ta ined is the macro-
e l emen t content be ing essentially lower in t h e f lower than in t h e vegeta t ive 
o rgans . With m a g n e s i u m exc luded this decrease is fur ther d i f fe ren t i a ted in 
re la t ion to the carpe ls , and p r o b a b l y the g e n e r a t i v e cells, a l t h o u g h no d a t a 
concerning the egg-cells are ava i l ab le . 
Among t h e microelements ment ioned t h e decreasing, s t agna t ing or 
increasing t e n d e n c y of the i ron-manganese a n d copper-zinc g r o u p compared 
w i t h the vege t a t i ve par t s can also be considered a f u n d a m e n t a l difference. 
On the bas is of our knowledge acquired so far we are t r y i n g to give 
s o m e explana t ion for the relat ion of manganese and copper. Manganese can 
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be b r o u g h t into connec t ion pr imar i ly wi th pho tosyn thes i s , namely, t h e photoly-
sis of water is a process of high manganese r equ i r emen t s , bu t i t s presence is 
also indispensable in protein and f a t metabol ism. Dur ing respi ra t ion the oxi-
dase-perox idase r eac t ion similarly requires m a n g a n e s e ions. According to 
TÖLGYESI (1969) t h e ca rbohydra t e content changes parallel wi th t h e manga-
nese conten t which conf i rms its close connection w i t h the syn the t i c processes 
of p l an t s . Going a s t e p fu r the r we can say t h a t t h e same t rend of differences 
in pho tosyn the t i c i n t ens i ty and manganese c o n t e n t between t h e p l a n t organs 
m a y be a proof of t h e d i f ferent ia ted biological i m p o r t a n c e of microelements . 
T h e role of copper in the sys tem of assimilat ion and dissimilat ion seems 
" m o r e ba lanced" . T h e copper d e m a n d of the Hil l -react ion (p las tocyanine) , 
and t h e accumula t ion of copper in t h e chloroplasts equal ly conf i rm t h e impor-
t a n t role played b y copper in photosynthes is . On t h e o ther hand , t h e members 
of t h e oxido-reduct ion enzyme s y s t e m beyond t h e mi tochondr ia l respira t ion 
cha in , the polyphenoloxidase a n d ascorbic ac idoxidase are all enzymes 
con ta in ing copper. I n some au tho r s ' opinion copper determines t h e proteolyt ic 
ac t iv i ty too. I t is k n o w n tha t , as a consequence of an "explos ion- l ike" growth , 
respi ra t ion becomes still more in tens ive in the f lowers with a g radua l decrease 
in t h e following o r d e r of succession: pistil, s t a m i n a , petals, sepals . 
The similar t r e n d of the copper content in t h e floral organs also seems 
to suppo r t its s ign i f i can t role in respira t ion and pro te in metabo l i sm. 
The relat ively h igh sodium level is difficult t o explain, it r equi res fu r t he r 
s tud ies . 
Natura l ly , q u i t e a number of open quest ions a re still to be answered in 
order t o make t h e f u t u r e appl ica t ion of mic roe lement fer t i l izat ion efficient . 
Our invest igat ions f o r m an in t eg ra t e pa r t of ou r exper iments on radioact ive 
rad ia t ion s t imula t ion , namely, in our opinion, s t imula t ion is in connect ion 
w i th t h e nu t r ien t u p t a k e of p lan ts . Increasing t h e permeabi l i ty of t h e cell-wall 
be tween certain l imi t s , in combina t ion with a d e q u a t e methods of foliage spray 
appl ica t ion (deve lopmen t stage, r a t i o of mixing, specific f ea tu re s of p lants , 
etc. t a k e n in cons idera t ion) m a y p r o m o t e the i m p r o v e m e n t of q u a n t i t a t i v e 
and qual i ta t ive y ie ld indices p r o b a b l y by increasing the nu t r i en t u p t a k e . 
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THE EFFECT OF ADDED DL-METHIONINE IN 
DEFICIENT DIETS FOR GROWING CHICKS ON 
GROWTH AND EFFICIENCY OF FEED UTILIZATION 
By 
A . M . D A R W I S H 
D E P A R T M E N T O F ANIMAL P R O D U C T I O N (ANIMAL N U T R I T I O N ) FACULTY O F A G R I C U L T U R E , 
A S S U I T U N I V E R S I T Y , C A I R O 
Feed ing experiments w i t h Hungar ian ch icks on different leve ls of sulphur a m i n o 
acid in die ts were made in o rde r t o f ind out the su i t ab le requi rements . This s tudy inc ludes 
160 chicks (48 males and 112 females ) taken f r o m the Farm of F a c u l t y of Agr icul ture , 
Keszthely, H u n g a r y . The b i r d s were divided i n to three groups. W h i l e Group I rece ived 
the basal r a t i o n , for Groups I I and I I I DL-meth ion ine was a d d e d , the total s u l p h u r 
amino acid in t he diet were 0.9 a n d 1.2 per c e n t , respectively. T h e per iod of this exper i -
ment s t a r t e d when the chicks were 21 days old and te rmina ted a t the 81 days of age, 
divided in to f o u r periods l a s t ing 15 days each. T h e results o b t a i n e d are as follows: T h e 
q u a n t i t a t i v e requi rement of t h e chicks for s u l p h u r amino acid d u r i n g the period f r o m 
21—66 d a y s of age was m o r e t h a n 0.62 and less t h a n 1.2 per c e n t being 0.90 per c e n t 
in the diet t o suppor t m a x i m u m feed conversion and m a x i m u m g r o w t h for both sexes. 
The excess of sulphur amino acid has a dep re s san t effect on g r o w t h and eff iciency of 
feed u t i l iza t ion . The sulphur a m i n o acid r e q u i r e m e n t was h igher in the early g rowing 
period of t h e chick than t h a t of t he older one of the same b reed , d u e to the re la t ive ly 
more sur face area per u n i t y of b o d y weight a n d the deve lopment of the fea ther . T h e 
addit ion of DL-methionine t o t h e deficient d i e t a t a rate of 0 .90 per cent i m p r o v e d 
the feed ef f ic iency even t h o u g h there were no differences in d a i l y gain, except in t h e 
thi rd per iod (51 — 66 days of age) when t h e da i ly gain also increased. 
Introduction 
The p ro t e in in the r a t i on of chick m u s t be balanced in essential a m i n o 
acids to insure a maximal g r o w t h and eff iciency of feed u t i l i za t ion . The a m i n o 
acid r equ i r emen t will vary w i t h t h e level of protein fed, t h e relative p ropor -
t ions of amino acids are m o r e impor tan t t h a n the p ro te in level. Therefore , 
t h e requ i rement of a bird fo r a given amino acid is not a de f in i t e f igure b u t 
i t varies with t h e level of o t h e r amino acids in t h e diets. T h e demand for s o m e 
of the amino acid is expressed as percen tage of the p r o t e i n fed, the v a l u e 
decreases as t h e protein level increases. In m o s t instances d ie t s fo rmula ted fo r 
t h e chick are deficient or l imi t ed in one or more of essent ia l amino acids . 
Several a t t e m p t s have been made in t h e field of p o u l t r y nu t r i t ion t o 
f i n d out the p r o p e r requ i rement of meth ionine in the diet f o r growing chickens . 
I t is considered necessary t o inter-relate t h e scattered knowledges in o r d e r 
t o realize t h e var ia t ions in t h e r ecommended values and t h e i r wide r anges . 
M C K I T T R I C K ( 1 9 4 7 ) , G L I S T A ( 1 9 5 1 ) , S A X E N A M C G I N N I S ( 1 9 5 2 ) a n d R E E D et a l . 
( 1 9 5 4 ) r e commended 0 . 5 per c e n t methionine in the diet, t h e value of D E A N — 
S C O T T ( 1 9 6 2 ) was slightly h ighe r being 0 . 5 5 per cent. 
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A D A M S et al. (1962) s t a t e d a level of 0.5 per c e n t sulphur a m i n o acid 
appear ing to be a d e q u a t e t o suppor t m a x i m a l growth of 4-week-old chicks. 
M C G I N N I S E V A N S ( 1 9 4 7 ) , M I L L I G A N et a l . ( 1 9 5 1 ) a n d W E S T et a l . ( 1 9 5 1 ) 
repor ted su lphur amino acid r equ i r emen t of 0.71, 0 .72 and 0.74 pe r cent , 
respect ively, whereas A L M Q U I S T ( 1 9 5 2 ) , H I L L ( 1 9 5 3 ) , t h e National Research 
Council N . R . C . ( 1 9 6 0 ) a n d D E A N S C O T T ( 1 9 6 2 ) r e commended t h e su lphur 
amino acid requi rement t o be 0.8 per cen t in the die t . 
O t h e r workers, B R I G G S et al. ( 1 9 4 2 ) , G R A U K A M E I ( 1 9 5 0 ) and J U K E S — 
S T O K S T A D ( 1 9 5 1 ) suggested t h a t 0 . 9 0 p e r cen t of su lphu r amino acid in the 
diet was a sui table va lue f o r maximal f e e d efficiency a n d growth. 
T h e resul t of L E W I S et al. ( 1 9 5 1 ) showed tha t t h e requ i rement of su lphur 
amino acid was higher, be ing 1.18 per cen t of the diet . 
Becen t ly N E L S O N et al. (1960) have showed t ha t t h e quan t i t a t i ve require-
m e n t of chicks for s u l p h u r amino acids is more t h a n 3.3 and less t h a t 3.81 
app rox ima te ly 3.5 per c e n t of protein in t h e diet. 
I t seems t ha t several f ac to r s are involved and o the r t h a n the r equ i r emen t 
of the me th ion ine e.g. t h e age of the chick , as it is poss ible tha t the su lphu r 
amino acid requi rement m a y be more in t ense in y o u n g fowls tha t h a v e rela-
t ively m o r e surface area p e r un i t of b o d y weight . 
I n t h i s connection L E V I S et al. ( 1 9 5 1 ) , M E N G E et al. ( 1 9 5 3 ) , H I L L ( 1 9 5 3 ) 
and B O L T O N ( 1 9 6 3 ) r e p o r t e d t h a t the supp lemen t of DL-meth ion ine was of 
value in improving g rowth and feed ef f ic iency in the e a r l y growing per iod of 
chick b u t th i s d isappeared a t the t ime w h e n broilers r e a c h e d the m a r k e t age. 
A n o t h e r aspect of t h i s general p rob l em , the gene t ic background of the 
bird as a f a c t o r inf luencing a precise r equ i r emen t for t h e methionine is clearly 
evident f r o m t h e repor ts of H E S S et al. ( 1 9 6 2 ) , N E S H E I M H Ü T T ( 1 9 6 2 ) , H E S S 
( 1 9 6 3 ) , G Ö R D E N ( 1 9 6 3 ) , E N O S M O R E N G ( 1 9 6 4 ) a n d N E S H E I M et a l . ( 1 9 6 4 ) 
who establ ished lines d i f fe r ing in body we igh t at 3 weeks of age by selection 
on me th ion ine deficient d ie t . M I L L E R et al. ( 1 9 6 0 ) showed a breed d i f fe rence 
in the r a t e of meth ionine conversion t o cystine. M C D O N A L D ( 1 9 5 7 , 1 9 5 8 ) 
d e m o n s t r a t e d a breed d i f fe rence between w h i t e Leghorn a n d Black Aus t ra lops 
chicken in ut i l izat ion of me th ion ine and cys t ine . 
I t was realized t h a t t h e test ing of t h e proper level of methionine be m a d e 
wi th the supp lemen ta t ion of crystall ine DL-meth ion ine t o t h e rations because 
increasing t o t a l protein in t h e diets impl ies serious p r o t e i n wastage a n d also 
the p rov id ing of several p r o t e i n sources resul ts in an increased to ta l cost of 
the feed. 
There fore , the pu rposes of exper iments were to s t u d y t h e effect of dif fer-
ent levels of DL-meth ion ine in the diets t o f i n d the mos t su i t ab le r equ i rements 
for maximal growth and feed efficiency a t different ages of white Leghorn 
chickens commonly bred in Hunga rv . 
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Material and Method 
Chickens used in expe r imen t s w e r e t a k e n f rom t h e F a r m of F a c u l t y of Agr icul ture , 
K e s z t h e l y , H u n g a r y in M a y 1966. T h e n u m b e r of chickens w a s 160, 48 males a n d 112 females . 
T h e e x p e r i m e n t of 60 d a y s dura t ion s t a r t e d a t t h e 21 d a y s of age and con t inued t i l l t h e chickens 
were 81 d a y s old. T h e d u r a t i o n of t h e e x p e r i m e n t was d i v i d e d into fou r p e r i o d s la t ing 15 
d a y s each . 
T h e chickens were housed in e lec t r i ca l ly hea ted b a t t e r y brooders w i t h w i r e mesh f loors . 
E a c h ch ick was m a r k e d w i t h a n u m b e r e d wing hand a n d weighed per t w o w e e k s t h e r e a f t e r 
ea r ly in t h e morn ing p r i o r feeding on s e n s i t i v e balance b e f o r e each period a n d a t the end of 
t h e e x p e r i m e n t . 
F e e d and w a t e r were offered a b l i b i t u m and a d a i l y record of feed c o n s u m p t i o n was 
k e p t . T h e composi t ion of t h e basal d i e t s u sed in the e x p e r i m e n t is g iven in t h e following 
t a b l e : 
Ingredient % P r o t e i n 
m g 
Methionine 
g Cys t ine g 
Total su lphu r 
amino acid 
g 




G r o u n d maize 40.0 3.98 0.072 0.060 0.132 29.28 
G r o u n d w h e a t 20.0 2.02 0.040 0 .040 0.080 14.30 
S o y b e a n meal 13.0 5 .03 0.065 0.065 0.130 4.78 
P e a n u t mea l 13.0 5.29 0.071 0.071 0.140 6.98 
W h e a t b r a n 6.0 0.85 0.010 0.010 0.020 2.62 
Luce rne dried 1.4 0 .23 0.004 0 .003 0.007 0.56 
F ish mea l 4.0 2.60 0.064 0.048 0.112 2.76 
T o t a l 97.4 20.00 0.324 0.297 0.621 61.28 
T h e ra t ion w a s supp lemen ted b y minera l s , salt a n d v i tamins . T h e T o t a l Diges t ib le 
N u t r i e n t s (T .D.N.) of t h i s r a t ion was 61 .28 pe r cent as f eed , t h e to ta l c rude p r o t e i n was 20.00 
per c e n t as feed. These va lues of the p r o t e i n and T . D . N , of t h e ingredients w e r e prac t ica l ly 
o b t a i n e d in a p rev ious w o r k by the a u t h o r (in press) e x c e p t in case of the f i s h mea l , the d a t a 
were ca lcu la ted accord ing to TITUS (1961). 
T h e ana ly t ica l m e t h o d i.e. t he p a p e r c h r o m a t o g r a p h y for amino ac id d e t e r m i n a t i o n 
e s t ab l i shed b y RICHARD et al. (1960) w a s appl ied to d e t e r m i n e the m e t h i o n i n e and cys t ine 
in t h e feed-s tu f f s . 
T h e chickens h a v e been divided i n t o th ree groups . G r o u p I (12 m a l e s a n d 28 females) 
rece ived t h e basal r a t i o n def ic ient in s u l p h u r amino ac ids be ing 0.62 per c e n t of the die t t o 
s t u d y t h e ef fec t of t h e def ic ien t s u l p h u r a m i n o acids o n g r o w t h and feed e f f i c i ency . Chicks 
in G r o u p I I (18 males a n d 42 females) w e r e r ea red on t h e b a s a l ra t ion wi th a d d e d DL-meth io -
n ine a t a r a t e of 0.28 p e r cent to r each a level of 0.90 p e r c e n t to ta l s u l p h u r a m i n o acid. I n 
G r o u p I I I (18 males a n d 42 females) a h i g h e r level of D L - m e t h i o n i n e was a d d e d to the basa l 
r a t i o n in order to s t u d y t h e effect of excess su lphur a m i n o acids on g r o w t h a n d eff ic iency 
of feed u t i l i za t ion , t h e t o t a l su lphur a m i n o acids o f fe red t o this group b e i n g 1.20 per c e n t 
of t h e d ie t . 
T h e average w e i g h t has been c a l c u l a t e d . The da i ly ga in , growth m e a s u r e (daily t o t a l 
d iges t ib le n u t r i e n t s c o n s u m e d in g rams ; d a i l y body weight ga in in grams) a n d re l a t ive g r o w t h 
r a t e ( t h e f ina l b o d y w e i g h t in grams — t h e age of t h e b i r d in days) were e s t i m a t e d a f t e r 
B R O O D Y ( 1 9 5 9 ) a n d D A R W I S H et al. ( i n p r e s s ) . 
I n order to e v a l u a t e the d i f f e r ences ob ta ined a m o n g the groups a t s epa ra t ed a n d 
c o m b i n e d in te rva l s a S t u d e n t ' s " t " t e s t w a s carr ied o u t acco rd ing to SNEDECOR (1956). 
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Results 
T h e results in T a b l e 1 showed t h a t the average daily gain of m a l e chicks 
was nea r ly the same in t h e first pe r iod (21 36 d a y s of age) and t h e second 
period (36—51 days of age) in G r o u p I and G r o u p I I . In the t h i r d period 
(51 —66 days of age), t h e average da i ly gain was h i g h e r in Group I I t h a n the 
corresponding one in Group I w h i c h were of 36.6 -f- 1.47 and 31.5 + 1.22 g, 
respect ively. The inc rease in the average daily gain w a s significant (0.05 > P > 
> 0 . 0 2 ) . 
D u r i n g the f o u r t h period (66 81 days old) t h e average da i ly gain was 
not iceably higher in G r o u p I t h a n in Group I I w h i c h were 3 9 . 9 ^ 4.87 and 
3 6 . l i 4-92 g, respec t ive ly . 
T h e average da i ly gain of birds in Group I I , du r ing the four per iod, was 
higher t h a n in Group I I I . 
On t h e other h a n d , general i m p r o v e m e n t in f e e d conversion w a s observed 
in Group I I during t h e f i rs t , second and third pe r iods , 1.43, 1.49 and 1.80 
growth measure s t a t e d , respectively. The cor responding values of growth 
measure of Group I w e r e higher being 1.46, 1.55 a n d 2.17. The h igher var ia t ion 
be tween t h e two g roups and being occurred in the t h i r d period was 21 per cent 
more. 
I n t h e last pe r iod t h e average growth m e a s u r e was slightly higher in 
Group I I t han in G r o u p I . 
Compar ing t h e d a t a of the g r o w t h measure b e t w e e n Group I I a n d Group 
I I I , t h e average g r o w t h measure d u r i n g the four per iods was lower in Group 
I I t h a n in Group I I I . 
I t is obvious f r o m Table 2 t h a t t h e average da i ly gain of f e m a l e chicks 
was h igher in Group I I t h a n in Group I dur ing the f i r s t , second and t h i r d periods. 
In t h e las t period t h e average daily gain in Group I was 30.5 ^ 1.93, higher 
t han t h a t of Group I I which was 24.2 ^ 1.56. T h e increase was significant 
P < 0.05. 
T h e average da i ly gain (except t h e last per iod) was higher in Group I I 
than in Group I I I . 
T h e efficiency of feed ut i l izat ion in Group I I was bet ter t h a n t h a t of 
Group I and Group I I I dur ing the f i r s t , second and t h i r d periods. I n t h e four th 
period th i s i m p r o v e m e n t of feed convers ion (in G r o u p I I ) d i sappeared . 
T h e results of t h e whole exper imen ta l period (60 days, f rom 21 days to 
81 days old) given in T a b l e 3, i nd ica t ed t ha t t h e average daily T . D . N , con-
sumed b y Group I I w a s less than in t h e other t w o groups . The ave rage daily 
gain of male chicks in G r o u p I I was s l ight ly higher t h a n in Group I , b u t there 
was a g rea t difference be tween Group I I and Group I I I . In case of t h e female, 
the average daily gain in Group I was h igher than b o t h in Group I I a n d Group 
I I I . 
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Average daily requirements, daily gain and growth measure among different groups of male chickens in the four periods 
Group I II III 
Period 1 2 3 4 l 2 3 4 l 2 3 4 
Tota l Digestible Nut r ien ts (T.D.N.) 
gms. 4 0 . 6 4 5 5 . 4 7 6 8 . 4 0 8 3 . 1 1 3 9 . 2 3 5 2 . 5 9 6 6 . 1 3 7 7 . 3 5 4 0 . 3 3 5 5 . 4 7 6 6 . 1 3 8 1 . 5 8 
Daily gain g 2 7 . 9 3 5 . 6 3 1 . 5 3 9 . 9 2 7 . 4 3 5 . 3 3 6 . 6 3 6 . 1 2 5 . 6 3 1 . 6 3 1 . 6 3 5 . 5 
± ± ± ± ± ± ± ± ± ± ± ± 
2 . 1 4 1 . 8 3 1 . 2 2 4 . 8 7 1 . 5 0 1 . 8 7 1 . 4 7 4 . 9 2 1 . 5 9 1 . 5 2 1 . 5 2 2 . 7 6 
Growth measure 1 . 4 6 1 . 5 5 2 . 1 7 2 . 0 8 1 . 4 3 1 . 4 9 1 . 8 0 2 . 1 4 1 . 5 8 1 . 7 5 2 . 0 9 2 . 2 9 
T a b l e 2 
Average daily requirements, daily gain and growth measure among different groups of female chickens at the four periods 
Group I II III 
Period 1 2 3 4 l 2 3 4 l 2 3 4 
Tota l Digestible Nut r ien ts (T.D.N.) 
S 4 0 . 6 4 5 5 . 4 7 6 8 . 4 0 8 3 . 1 1 3 9 . 2 3 5 2 . 5 9 6 6 . 1 3 7 7 . 3 5 4 0 . 3 3 5 5 . 4 7 6 6 . 1 3 8 1 . 5 8 
Daily gain g 2 3 . 7 2 9 . 5 2 9 . 3 3 0 . 5 2 4 . 7 3 0 . 5 3 1 . 1 2 4 . 2 2 2 . 1 2 5 . 8 2 8 . 5 2 5 . 7 
-j- -j- -j- ± ± ± ± ± ± ± 
1 . 7 1 1 . 8 8 2 . 3 3 2 . 7 3 1 . 5 9 1 . 7 2 2 . 1 2 3 . 1 9 1 . 8 2 2 . 1 5 2 . 3 2 3 . 1 7 
Growth measure 0 . 9 0 1 . 5 3 1 . 6 0 1 . 9 3 1 . 0 7 1 . 1 3 1 . 4 8 1 . 5 6 1 . 0 8 1 . 5 1 1 . 2 1 1 . 3 2 
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Table 3 
Average daily requirements, daily gain, growth measure and relative growth rate among different 
groups and sexes of chickens during the experimenal period (21 — 81 days) 
Group 
i и i n 
Male Female Male Female Male Female 
T o t a l Digest ible 
N u t r i e n t (T.D.N.) g 61 .91 5 8 . 8 3 60.88 
Dai ly g a i n g 33.73 28.25 33.85 27.63 31.10 25.53 
G r o w t h measure 1.84 2.19 1.74 2.13 1.96 2.38 
R e l a t i v e g rowth ra te g 28.8 24.7 28.8 24.7 28.5 23.0 
T h e average g r o w t h measure of the two sexes of Group I I was lower 
t h a n t h a t of the o t h e r groups. A l t h o u g h the r e l a t i v e growth r a t e of the two 
sexes was the same in Group I and Group I I be ing 28.8 g and 24.7 g for 
male a n d female, respect ively , yet i t was higher t h a n t ha t of G r o u p I I I . 
Discussion 
F r o m the p r e sen t s tudy it s eems t h a t the a d d i t i o n of DL-meth ion ine to 
the def ic ient diet in s u l p h u r amino ac id to reach 0 .90 per cent level improves 
the f eed conversion a n d growth d u r i n g the f i rs t , second and t h i r d period. I n 
o ther words the m o s t suitable da i ly requi rement of sulphur a m i n o acid for 
m a x i m u m feed convers ion and m a x i m u m growth is 0.90 in the d i e t for bo th 
sexes of Hungar ian w h i t e Leghorn growing chicks f r o m 21 days old ti l l 66 days 
of age, u n d e r H u n g a r i a n env i ronmenta l conditions. T h i s finding is in agreement 
with t h e r ecommended requirements of BRIGGS et al. ( 1 9 4 2 ) , GRAU-KAMEI ( 1 9 5 0 ) 
a n d J U K E S S T O K S T A D ( 1 9 5 1 ) . 
ALMQUIST ( 1 9 5 2 ) r ecommended 0 . 8 per cent su lphu r amino acid in the 
diet, f u r t h e r noted t h a t app rox ima te ly 0.1 per c e n t more me th ion ine was 
requi red in the diet f o r max imum eff ic iency of f e e d uti l ization t h a n required 
for m a x i m u m growth . 
Fu r the rmore , t h e results showed t ha t the q u a n t i t a t i v e r equ i r emen t of 
the ch ick for su lphur amino acid d u r i n g the per iod f r o m 21 66 d a y s of age 
was m o r e t han 0.62 a n d less t han 1.2 per cent, app rox ima te ly 0.9 per cent 
in t h e d ie t to s u p p o r t feed conversion and m a x i m u m growth for b o t h sexes. 
T h e results also indicated t h a t a d d e d m e t h i o n i n e a t higher level (Group 
I I I ) was of no value d u r i n g the four per iods . The a v e r a g e daily gain dur ing the 
whole exper imenta l pe r iod of Group I I I was lower t h a n tha t of G r o u p I I being 
2.75 g a n d 2.1 g less in case of male a n d female chicks respectively. 
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On t h e o the r hand , t h e growth m e a s u r e was lower in Group I I t h a n in 
Group I I I , be ing 12.6 per c e n t less in male chicks. 
Therefore , t he excess of sulphur a m i n o acids has a depressing e f fec t on 
growth a n d efficiency of f e e d ut i l izat ion. Similar e f fec ts were r epo r t ed by 
N E L S O N et al. (1960) and B O L T O N (1963). 
A l though t h e values of t h e growth measure and da i ly gain of G r o u p 
I I were b e t t e r t h a n both t h a t of Group I a n d Group I I I d u r i n g the f i rs t , second 
and th i rd per iods , these va lues however — dropped in t h e last per iod. Such 
resul ts i nd ica t ed t h a t the s u l p h u r amino acid r equ i remen t might be m o r e in 
young fowls hav ing re la t ive ly more s u r f a c e area per u n i t of body we igh t . 
In th is connection B O L T O N ( 1 9 6 3 ) r epo r t ed tha t t h e methionine requ i re -
m e n t for g rowth in the ea r ly growing pe r iod of chick was higher in r e l a t ion to 
o ther amino acid t han t h a t of the older chick of the s a m e breed, due t o the 
deve lopment of the fea the r . Th i s fact is b a s e d in par t on t h e work of L E V I S et al. 
( 1 9 5 1 ) , M E N G E et a l . ( 1 9 5 3 ) a n d H I L L ( 1 9 5 3 ) . 
F r o m t h e results p r o c u r e d in the p r e s e n t inves t igat ion good evidence was 
ob ta ined of t h e beneficial e f fec t on g rowth measure of fowls by the add i t i on 
of DL-me th ion ine dur ing t h e four per iods . In other w o r d s the a d d i t i o n of 
DL-me th ion ine to the def ic ien t diet at a r a t e of 0.9 p e r cen t (Group I I ) im-
proved t h e feed efficiency, even though t h e r e were no d i f fe rences in da i ly gain 
(except t h e th i rd period). Similar results were reported b y ALMQUIST (1949), 
S A X E N A M C G I N N I S (1952), RINGROSE — P O T T E R (1952), MATTERSON et al. 
(1953), R E E D et al. (1954) a n d NELSON et al. (1960). I n t h i s aspect S L I N G E R 
et al. (1953) ment ioned t h a t t h e addit ion of DL-meth ion ine to the diets r e su l t ed 
in small b u t consistent i m p r o v e m e n t in feed efficiency b u t none of clearly 
def ined in f luence on the ave rage weights reached by t h e b i rds . 
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The w a t e r use efficiency was increased a t high p lan t densi ty levels a t 5 and 
20 cms water d e p t h s . But the n i t rogen levels a n d w a t e r d e p t h s did not in f luence water 
use efficiency. T h e yield/ET re la t ionship gave a l inear increase in wa te r use eff iciency 
wi th increasing yield. 
The re la t ionship between t h e wate r use b y rice and t h e ha rves t ah l e 
yield is complex, b u t not i rresolvable. The E T — yield d a t a for a n u m b e r of 
y e a r s will provide improved guide lines for m a n a g e m e n t of l imited w a t e r sup-
plies and u l t imate ly m a y permi t reasonably accu ra t e predict ions of c rop yield 
u n d e r given condi t ions of env i ronmen t and w a t e r supp ly . U n d e r s t a n d i n g these 
re la t ionships will also clarify t h e n a t u r e of i r r igat ion research da t a requ i red in 
t h e f u t u i e for f u r t h e r ref inement of E T — yield func t ions . 
T h e avai lable d a t a in rice a re presented below: Kos tyakov suggested a 
f o r m u l a relating E T and yield as follows: E = к • t , where E = E T in m : ! /ha; 
к = w a t e r use coeff ic ient in m 3 / l qu in ta l grain; and t planned p roduc t ion 
in qu in ta l s per ha . 
I n the V ie tnam Democrat ic Republ ic , w a t e r use coefficients were 65 and 
79 f o r summer and win te r rice respect ively. 
Kos tyakov r e p o r t e d from U.S .S .R. , t h a t subs tan t i a l ly increased yields 
can b e obtained b y be t te r fer t i l iza t ion and p rope r agrotechnical measures 
w i t h o u t increasing t h e tota l ET. 
T h e relation be tween ET a n d yield of rice as repor ted by T S U T S U I (1966) 
in J a p a n is s ta ted be low: 
T h e above d a t a br ing out t h e f ac t t h a t if t h e rice yield is to he increased, 
it is necessary to use a large a m o u n t of water . 
Introduction 
Yield of rice. Kg p e r 10 acres 225 300 300 450 
1.95 
4 5 0 - 6 0 0 
2.40 ET/y ie ld 1.50 
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P E T E R K U N G et al.( 1965) r epo r t ed t h a t t he r e was a posi t ive correlat ion 
b e t w e e n t r ansp i r a t ion rate and rice yield. Crops wi th higher yield consumed 
m o r e wa te r t h r o u g h plant t r ansp i r a t i on . A n o r m a l crop of 4.5 tons per ha 
w i th an irrigation pe r iod of 100 d a y s , consumed 6.3 m m s per d a y of w a t e r b y T . 
T h e above value decl ined to 1.4 m m s when t h e yield decreased to 1 ton per 
ha . I t increased to 10.5 mm when t h e yield reached 7.5 tons. 
A N O N (1965) a n d J A N A G H I L D Y A L (1968) repor ted t h a t more wa te r 
use is no t necessar i ly related to m a x i m u m d r y m a t t e r p roduc t ion . 
The above resu l t s are con t r ad ic to ry in n a t u r e and , therefore , no def in i te 
conclusions can be d r a w n . The w a t e r r equ i rement and its reciprocal — wa te r 
use efficiency d e p e n d on the m a g n i t u d e of two fac tors — ET and d r y m a t t e r 
p roduc t ion . U n f o r t u n a t e l y , da t a on these aspects of rice are lacking. 
Material and Method 
T h e s t u d y w a s c o n d u c t e d du r ing t h e yea r s 1968 a n d 1969 a t t h e S t a t e F a r m , M e z ő t ú r , 
a t y p i c a l rice g rowing a r e a of the H u n g a r i a n g rea t p l a in . T h e e l eva t ion is 83 m e t r e s a n d i t is 
s i t u a t e d 47° n o r t h , 20 .31° east . The soil is so lonchak . T h e ave rage a n n u a l p r e c i p i t a t i o n is 
550 m m . 
T h e r e were t h r e e f a c t o r s , name ly w a t e r d e p t h s (5 a n d 20 cm) , N levels (40 a n d 80 k g / k h ) , 
a n d p l a n t p o p u l a t i o n (100 and 200 p l a n t s / s q . m ) , w i th al l t h e i r c o m b i n a t i o n s . T h u s t h e r e were 
8 t r e a t m e n t s , r e p l i c a t e d 4 t imes (Figs 1, 2). 
T h e e q u i p m e n t s u s e d in the s t u d i e s were g a l v a n i s e d i ron t a n k s w i t h a n a r e a of 2500 
s q . c m . T h e t anks were e m b e d d e d in t h e m i d d l e of t h e r ice f ie ld , and all t h e t r e a t m e n t s were 
r ep l i ca ted j [4 t imes e a c h . T h e E T was m e a s u r e d da i ly u s i n g t h e H é n i - T ó t h t y p e gauge . 
Fig. 1. A view of t h e t a n k s set in t h e r ice f ield t o m e a s u r e é v a p o t r a n s p i r a t i o n one m o n t h 
a f t e r sowing 
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Fig. 2. Same at the active tillering stage, a) The relation between ET and yield of dry matter 
b) The relation between water use efficiency (Y/ET) and yield of dry matter 
Resul t s 
The water use efficiency as influenced by nitrogen levels and plant density 
at two water depths are presented in Table 1. 
I t is observed that the quantity of water required to produce a unit 
quanti ty of dry mat ter generally decreases at a high plant density level (200 
plants/sq. m.). Thus the water use efficiency increases. But high N level and 
water depth do not influence water use efficiency. These data illustrate the 
importance of adequate plant population, if maximum efficiency in water use 
Table 1 
The water use efficiency at different plant density 
Year plant dens i ty 
5 cm 










100 plants/sq. m 168 476 2.8 157 493 3.1 
1968 
200 plants/sq. m 180 479 2.7 255 504 2.0 
100 plants/sq. m 160 558 3.5 160 569 3.6 
1969 
200 plants/sq. m 155 540 3.5 160 573 3.6 
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Year plant density 
20 cms 










100 plants/sq. m 167 528 3.1 157 501 3.2 
1968 
200 plants/sq. m 240 536 2.2 219 518 2.4 
100 plants/sq. m. 158 609 3.9 138 584 4.2 
1969 
200 plants/sq. ш 163 611 3.7 189 573 3.0 
is to be realized. As plant density and N level increase, yield variability also 
increases, but there is little increase in the corresponding variability of ET. 
Thus, in this experiment N level and plant density are reflected in the crop 
yield, but do not cause a corresponding amount of variation in measured E. 
Differences in climatic conditions and low yield are responsible for the in-
efficiency of water use during 1966. I t has been reported that increasing amount 
of yield of crop, produced by improving the crop environment, will not increase 
ET proportionately, provided that the crop is actively growing and is ade-
quately supplied with soil moisture (STANBERRY 1957 , STEED 1967) . 
The ET Y relationships are shown in Figs 3a and b. This case gives a 
linear increase in water use efficiency with increasing yield. 
ET in the rice field is mostly a physical phenomenon, provided that water 
is available for evaporation and the transpiration capacity of the plant is not 
limited by root damage or plant senescence. Yield, on the other hand, is a 
complex phenomenon depending to a large extent on soil variety and crop 
management practices, such as fertilization, plant spacing, and temperature 
tha t affect the production of leaf area and its assimilation rate in rice. There-
fore it is reasonable to assume that ET is always at or near the radiation poten-
tial when the water is adequate, whereas the yield is not. So ET cannot increase 
faster than dry mat ter production. 
The water use efficiency for a given crop and management practice, may 
be markedly affected by the climate. This is demonstrated by the data of 
1968 and 1969 shown in Table 1. This was also observed in a general survey 
made by DEWIT in 1958. It may be emphasised again that, physically ET 
is almost solely a result of exposing a moist surface to a dry environment. 
On the other hand, dry matter accumulation by plants is a much more 
involved process, even though certain ceonnections exist with ET notably 
through the climate, the ambient temperature and the stomatal mechanism. 
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Thus, it is possible to find greatly varying water use efficiencies in the growth 
of rice under different climates and cultural practices. The question of rice 
cultivation in areas where large amounts of sensible heat cause high rates of 
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THE EFFECT OF COLCHICINE ON THE LEVEL 
OF LEAF PIGMENTS IN FLAX PLANTS 
By 
R . FAHMY, E . N . SALAMA 
PHYSIOLOGY AND CROP NUTRITION DEPARTMENT, MINISTRY OF AGRICULTURE, CAIRO 
The colchicine applicated on flax plants at their growing stage 50, 100 and 
200 ppm as a fine spray, increased the level of chlorophyll-A, chlorophyll-B and xan-
thophyll. The content of carotene remained unaffected except the 200 ppm concentration. 
This positive effect of colchicine could be observed during the whole vegetation period 
in the relation of chlorophyll-A, and only till flowering in the relation of chlorophyll-B 
and xanthophyll. Treating the plants both at growing and flowering stages with col-
chicine influenced the level of chlorophyll-A and B, carotene and xanthophyll positively. 
This effect was very expressed at 100 and 200 ppm of colchicine and could be observed 
till maturity. The colchicine applicated on the plants three times during the vegetation 
period, namely at the growing, flowering and fruiting stages was ineffective in the 
relation of the pigments mentioned above, and the treatment after flowering gave 
no further increasing in the level of chlorophylls. 
Introduction 
The influence of colchicine on the polidia level of plants is well known, 
however, our knowledge about its primary physiological effect is incomplete. 
Observed that 0.1 ppm colchicine increased the rate of respiration in 
Rumex acetose, and this extra energy was utilized for synthesis of organic 
compounds. Higher doses than 0.1 ppm retarded the process mentioned above. 
Studying the effect of colchicine on the rate of growth of Cunninghamella 
elegáns NAGUIB (1963, 1964, 1967, 1968), NAGUIB et al. (1964, 1966a, 1966b) 
demonstrated that 10 ppm colchicine enhanced phosphorus uptake, inhibited 
peptone and protein synthesis. High doses of colchicine considerably decreased 
the rate of nitrate and protein uptake. 
FAHMY et al. (1970) observed that the colchicine did not affect the content 
of monosaccharides in the soaked kenaf germs. Lower doses of colchicine in-
creased both the sucrose content and total nitrogen level. 
The physiological effect of colchicine on flax has not been studied. 
The results obtained in connection with the influence of colchicine t rea tment 
on the level of some leaf pigments are summarized in this paper. 
Material a n d Method 
The experiments were carried out in pots with flax (Giza 6) under green-house condi-
tions at Giza Research Station during the years 1969—70. Each pot contained 11 kg of loam, 
5.5. g superphosphate, 3.0 g of ammonium nitrate, 2.5 g of potassium chloride and 30—35 
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flax plants. The experiment started on the 27th November and the yield was gathered on 
7th May each year 
250 ml of 50, 100 and 200 ppm colchicine (Sandoz) solution was used as fine spray 
material. The plants were treated two or three times at growing, growing and flowering, 
growing-flowering and fruiting stages. 
The plants were analysed four times during the vegetation period. The determination 
of pigments was carried out chromatographically. 
Fig. 1. The effect of colchicine on the pigment content of the flax leaves 
Results 
In Figure 1 it can be observed that the colchicine applicated at the grow-
ing stage significantly increased both the chlorophyll-A and В content in the 
leaf. Increasing of the chlorophyll-A content could be observed during the whole 
vegetation period and was the most expressed at the concentration level of 
100 and 200 ppm colchicine. 
When the plants were treated two times, both at growing and flowering 
stage, with 100 and 200 ppm colchicine, 20 30% increase could be observed 
in both chlorophyll contents, and this positive effect could he recognized till 
fruiting or maturi ty. 
Acta Agronomica Academiae Scientiarum Hungaricae 22, 1973 
E F F E C T OF C O L C H I C I N E 1 8 3 
The plants treated at growing, flowering and fruiting stages contained 
more chlorophyll-A and В than the control. The third treatment, performed 
during the fruiting stage did not cause the further increase of the green pig-
ment level. 
In the same figure it can be seen tha t the treatment at the growing stage 
with different concentrations of colchicine caused 20 36% increase in the 
xanthophyll-level of the leaves and this effect could be recognized till flowering. 
The carotene content in these treatments was not affected except of 200 ppm. 
Colchicine applicated two times both at growing and flowering stages 
increased the carotene and xanthophyll level. The phenomenon was expressed 
and well defineable till fruiting and matur i ty in the relation of xanthophyll. 
Further treatment at fruiting stage had no effect on carotene, however, 
the amount of xanthophyll changed as tha t of the variant mentioned above. 
Conclus ion 
The results of the experiments showed that colchicine applied once at 
growing stage increased the level of photosynthetic pigments in the flax plants. 
This positive effect of colchicine treatment can be recognized onlv till flowering. 
Spraying with colchicine solution at fruiting stage had no further effect on 
pigment content. The effect of colchicine on the change of chlorophyll-A and 
В level was different. 
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EFFECT OF ZINC ON NODULATION AND YIELD 
OF SOYBEAN (GLYCINE MAX.) 
By 
К . V . B . B . TILAK, M. S . GANGWAR 
D E P A R T M E N T O F S O I L S C I E N C E S , U . P . A G R I C U L T U R A L U N I V E R S I T Y , P A N T N A G A R 
It was found in general t ha t there was a reduction in grain yield with the appli-
cation of zinc. Higher levels of zinc also suppressed nodulation, leghaemoglobin syn-
thesis and bacteroid formation. 
Introduct ion 
Micronutrient research work in India as well as abroad has shown tha t 
there are wide genotypic variations in the susceptibility of crop plants to 
m i c r o n u t r i e n t d e f i c i e n c i e s (AGARWALA et al. 1 9 6 9 , BROWN 1 9 6 3 , MASSE Y 
LOEFFEL 1966 , MUNNS et al. 1 9 6 3 , POLSON 1 9 6 8 , SAXENA— SINGH 1970, VOSE 
1963) . Most of the soils particulaly in North India which are under the culti-
vation of rice and wheat crops are reported to be zinc deficient. There is a 
paucity of information on the relative requirement of the soybean crop to zinc 
in our country. Also no work has been reported on the effect of zinc on the 
nodulation and leghaemoglobin synthesis of soybean. 
Mater ia l and M e t h o d 
A pot culture experiment was conducted with four replications during the spring season 
of 1971. The soil under prccent investigation was of a silty clay loam type . The experiment 
was laid out in a simple randomized block design with 3 varieties of spring soybean (merritt , 
adelphia and traverse) and 3 levels of zinc (0, 5 ppm and 10 ppm) applied in the form of zinc 
sulphate (chemically pure) to the soil a t the time of sowing. Phosphate and potash were 
applied at the rates of 100 kg P 20 5 /ha and 40 kg K,G/ha in the form of single superphosphate 
and potassium sulphate respectively. Seeds were inoculated with a Peat-based multi-strained 
Rhizobium japonicum culture of nitrogen and were sown immediately. Dry ma t t e r yield, number 
and dry weight of nodules per plant basis were recorded when the crop was 54 days old. The 
leghaemoglobin content was estimated by following the method given by BERGERSON (1961) 
and the total number of bacteroids were also determined after the method described by 
BERGERSON (1960). The total content of zinc was determined by the dithizone method as 
outlined in the procedures edited by BLACK (1965) and its uptake was calculated. All these 
observations were taken when the crop attained 54 days of age. Grain yield per plant was deter-
mined at the time of harvest and was statistically analysed (YATES 1937). Correlations were 
made wherever possible by following the method given by SNEDECOR (1946). 
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R e s u l t s 
It was found, in general, that the higher levels of zinc increased the uptake 
of zinc. On the contrary, there was a reduction in the number of nodules, even 
dry weight of nodules, leghaemoglobin synthesis and bacteroid contents with an 
increase in the levels of zinc in all the varieties. The reduction was in the order 
0,5,10 ppm zinc respectively. However, in case of merri t t , the number of nod-
Table 1 
Effect of different varieties of soybean and levels of zinc on nodulation and zinc uptake by soybean 







O v e n d r y 
w e i g h t of 
n o d u l e s / p l a n t 
(g) 
Leghaemoglob in 






u p t a k e 
(ppm) 
Merritt 0 8.5 0.360 35.10 1780 100 
5 16.0 0.472 31.72 1653 132 
10 3.0 0.188 29.10 1214 125 
Adelphia 0 33.0 0.959 284.21 3411 84 
5 12.0 0.373 30.50 1624 137 
10 16.0 0.282 40.00 3057 262 
Traverse 0 9.0 0.101 20.55 421 120 
5 4.0 0.118 20.25 418 160 
10 4.0 0.120 25.27 520 184 
ules and their oven dry weight increased up to a level of 5 ppm zinc application 
and thereafter it showed a sudden decline at 10 ppm level. Among the varieties 
tested adelphia showed maximum number and dry weight of nodules per plant, 
leghaemoglobin synthesis and bacteroid content. The only other treatment 
where this was noticed was in the one, where no zinc application was given 
(Table 1). 
Significant difference was noticed among varieties and levels of zinc 
as far as the yield was concerned. Among varieties, adelphia yielded signifi-
cantly more than the merri t t and traverse varieties (Table 2). Considerable 
reduction was noticed due to the application of zinc. I t was found that there 
was no significant difference between 0 and 5 ppm levels of zinc, but applica-
tion of zinc at 10 ppm level brought a significantly lower yield than that of 
the 0 and 5 ppm levels. 
The interaction between varieties and levels of zinc also revealed certain 
interesting results as far as grain yield was concerned (Table 3). Zinc applica-
tion at levels of 5 and 10 ppm brought significant reduction in yield compared 
to the control in the case of the merritt variety. Whereas in the case of the 
Acta Agronomica Academiae Scientiarum Hungaricae 22, 1973 
E F F E C T O F ZINC 187 
Table 2 
Effect of different varieties and levels of zinc on the grain yield of soybean 
















C.D. at 5% 





Interaction beticeen varieties and levels of zinc application on the grain yield of soybean 
V a r i e t y 
Gra in y ie ld /p lant (g) Level of z inc appl ica t ion 
0 p p m 5 p p m 10 p p m 
Merritt 10.80 7.14 7.54 
Adelphia 11.51 12.56 8.16 
Traverse 6.38 8.52 6.17 
S.Em. ±1.3421 
C.D. at 5% 2.7530 
C.D. at 1% 
— 
adelphia variety 10 ppm zinc application yielded significantly less than that of 
the 0 and 5 ppm levels, respectively. No significant difference was noticed in the 
case of the traverse variety with zinc application. 
D i s c u s s i o n 
Application of zinc at a higher level in general, had an adverse effect on 
grain yield in the varieties tested in the present investigation. This was due to 
a reduction in the number of nodules and the dry weight of nodules per plant. 
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Soybean plants nodulated by an ineffective strain showed the lowest dry matter 
yield, nitrogen content and plant height (MARTINEZ et al. 1970 , TILAK 1971) . 
Application of zinc may probably be connected with the ineffectiveness of 
Rhizobium japonicum, thereby retarding nodulation. 
Nodules tha t are effective in nitrogen fixation contain leghaemoglobin. 
I t is present within the membrane envelope surrounding the bacteroids and is 
no t free in the plant or bacteroid cytoplasm (Хосним, 1964). Thus we may pre-
sume that bacteroids produce this pigment. In the present investigation it was 
found that the control (without zinc application) had more leghaemoglobin 
and bacteroid contents than those treated with zinc. So zinc may, perhaps, 
be responsible for inhibiting bacteroid formation and thereby repressing 
leghaemoglobin synthesis. A negative correlation was seen between leghaemo-
globin and bacteroid contents (r = 0.6957). This, in turn, caused a reduction 
in the number of nodules. 
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BROOM CORN "MEZŐKOVÁCSHÁZI" 
Taxonomic place: Sorgum dochna (Forsk.) Snowden var . technicum (Koern.) Snowden 
Origin: selected f rom a landrace population at Mezőkovácsháza 
Beginning of breeding: 1947, Medgyesegyháza 
Breeder: Pál Bacsa dr. and Pál Tóth, Kiszombor 
State qualification: Provisionally certified improved variety, 1957; State certified variety, 
1959 
General characterization : a high (difficult to mechanize) broom corn with dark brown spikelets, 
providing excellent industrial raw material 
Morphological description: 
Root system: penetrates deep into the soil (150 — 200 cm) 
Shoot system: bushy, with intensive tillering 
Stem: may reach 3 — 3.5 m, with about eight nodes; of light green colour, resistant 
to lodging 
Foliage: leaf blade is light green, leaf sheath dark green; length of blade 60—70 cm, 
width 8 — 9 cm; ligula dark green (NAGY 1971) 
Panicle: generally 40—60 cm long with 52 — 60 branches which are dark green and 
excellently fine when flowering. According to many years data some 55 per cent of 
the harvested crop consists of first class broomcorn beard. The colour of the spikel-
ets is dark brown (from the colour of the glumes) 
Caryopsis: about 4 — 5 mm long, remains covered by glumes; the glume-covered grain 
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is pear-shaped, the edges of the glumes are thickly hairy, their surface is shiny. 
The grain is brown 
Biological characters: 
Germination: optimum at a soil temperature of about 11°C 
Vegetative period: 155—160 days 
Development: rapid and vigorous; panicles appear at the beginning of August and 
ripen toward the end of September (KAPÁS et al. 1965) 
Resistance to disease: sufficient 
Farm technology requirements: 
Seeding: at the end of April; in the author 's experiments sowing on 28th April pro-
vided the best industrial raw material (NAGY 1971). Spacing: 40 — 5 0 x 2 0 cm; 
quant i ty of seed grain required: 9—12 kg/cad.yoke (1 cad.yoke = 5754.56 m2) 
Soil requirements: in fertile soils gives high yields (KAPÁS et al. 1965) 
Productivity: awn: 6.7 q/cad.yoke; seed grain production: 13—15 q/cad.yoke (BACSA 
1957). The quality of the awn depends on the weather conditions. Best quality 
panicles are obtained with sowing at the end of April 
Area of cultivation: best grown on the area of Békés county; here it has a closed growing 
district (KAPÁS et al. 1965) 
« 
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STUDIES ON T H E EGYPTIAN BROAD BEAN SEEDS. 
I. CHEMICAL CONSTITUENTS OF T H E BROAD B E A N SEEDS 
Broad bean (Vicia faba) is one of the legumes commonly grown and used in large 
quantities. I t plays an increasingly important role in the diets of the people in Egypt , and 
is commonly eaten as the f irs t meal of the day. 
The starch content of the seeds was found to be 37.08%, giving two fractions, amylose 
(15%), and arnylopectin (85%). No free reducing sugars were found in the water extracts . 
GHALI (1955) found that the sucrose content was 1 .98% in the cotyledons and 1.74% in the 
whole seeds. KAWAMURA—NAKAMURA (1954), KAWAMURA (1954) in a study on the carbo-
hydrates of the broad bean seeds, found that the total carbohydrates were 46 — 49%, the starch 
was 39.9%, while the reducing sugars, and non-reducing sugars were 1.1% and 4 % respec-
tively. He reported that acid hydrolysis and paper chromatographic analysis for the poly-
saccharides, showed the presence of fructose, glucose, xylose and rhamnose. Fucose was 
also reported as a constituent of the hemicellulose of the broad bean seeds (KAWAMURA 1959). 
The amino acid composition of the broad bean seeds was estimated using micro-
biological assays and chromatographic analysis. Eighteen amino acids were detected and 
q u a n t i t a t i v e l y es t ima ted (GHALI 1955, KHAN—BAKER 1957, MASSOUD 1958, PION et al. 1963, 
INAMDER—SOHONIE 1960). 
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The present paper dta ls with the component and nutritional quality of the broad 
bean seeds (Giza I and Giza II). More interest was given to the carbohydrate and amino 
acid pat tern of the two varieties in a trial to select the varieties yielding protein quality 
superior to that of those which are at present consumed in Egypt . 
Sampling. One kg of Vicia faba of each of the two varieties Giza I and Giza I I which 
were obtained from the plant breeding department , Ministry of Agriculture, were finely 
ground. Samples from the ground materials were analysed. Other samples were prepared by 
getting out the rinds from the cotyledons and the two components were finely ground. 
Methods of analysis. The samples were analysed for moisture, nitrogen, fa t , crude 
fiber, ash and iron using the usual standard methods (A.O.A.C. 1965). 
Estimation of calcium and phosphorus was as described by STUFFINS (1967). 
Identification and determination of sugars. Sugars were extracted with 80% neutral 
ethanol, concentrated under vacuum and fractionated chromatographically on a paper chro-
matogram using a mixture of pyridine, ethyl acetate, water 1 : 2.5 : 3.5 v/v (upper layer) 
for 18 hrs at 20°C. The descending technique was carried out and the sugars were located 
using aniline oxalate as developing reagent. Reducing sugars were determined hy the method 
of SOMOGYI (1945) . 
Identification and determination of polysaccharides. The polysaccharides present in 
both the flesh of the rinds and the cotyledons were hydrolysed with sulphuric acid solution 
(1 N) for 16 hrs on a boiling water bath. After neutralization and concentration under 
vacuum the aliquots were fractionated chromatographically. The starch component was de-
termined b y the CLEGG m e t h o d (1956). 
Determination of the amino acids. Samples were hydrolysed with 6 N HCl for 22—24 
hrs at 110°C according to the KHAN—BAKER method (1955). HCl was evaporated off under 
vacuum to dryness and the residues were dissolved in a certain volume of 10% isopropyl 
alcohol. The portions were spotted on the Wha tman No. 1 filter paper and two dimensional 
ascending chromatograms were prepared using the buffered method given by LEVEY-
CHUNG (1953), using n-butanol-acetic acid-water 1 2 : 3 : 5 (v/v) as the first solvent for 24 hrs, 
followed by m-cresol phenol mixture (2 : 1) in borate buffer pH 8.3 for 26 hrs at 20°C. Develop-
ment took place using the ninhydrin reagent 0 .2% in ethanol and acetic acid, and the isatin 
reagent (0 .2% in acetone) for the proline. 
The located amino acids were eluted in 75% aqueous ethanol containing copper nitrate, 
and the acetone-water mixture (2 : 1 v/v) for the proline. The concentrations of each indi-
vidual amino acid were determined colourimetrically at 510 m fi and proline at 570 m/i. 
Estimation of cysteine and methionine (JAMALIAN — PELLET 1968). A quant i ty of the 
sample was weighed in a conical flask and then placed in an ice hath and cooled to 0°C. The 
cold performic acid reagent was added to the sample and oxidation of the sample was allowed 
to continue at 0°C for 16 hrs. The oxidizing solution was evaporated under vacuum at 30-
35°C, after which it was allowed to hydrolyse in the HCl solution (6 N) for 24 hrs. The hydro-
chloric acid was removed by repeated concentration in a rotatory evaporator and the hydro-
lysate was finally made up to a certain volume by isopropyl alcohol 10% and the cysteine 
and methionine were determined by the paper chromatography technique as mentioned 
before. 
Determination of t ryptophan (LAMBORD DCLANGE 1965). The tryptophan content 
was determined colourimetrically after alkali hydrolysis with barium hydroxide solution 
(14%) for 22 hours. All the amino acids were calculated from standard curves. 
The chemical analysis of the two varieties of broad bean are summarized in Table 1. 
From the results given in Table 1 there was no marked difference in the chemical 
constituents of the two varieties. Meanwhile they are good sources of protein, phosphorus 
and calcium and are somewhat deficient in iron. 
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Table 1 
Chemical constituents of the broad bean seeds 
(Vicia faba) (dry basis) 
Chemical cons t i t uen t s Giza I 
va r i e ty 
Giza I I 
v a r i e t y 
Moisture % 10.35 10.30 
Total carbohydrates % 46.42 45.83 
Total protein % 28.10 28.62 
Ether extract % 1.12 1.10 
Crude fiber % 5.90 6.08 
Ash % 4.22 4.35 
Phosphorus mg/100 gm. 898.00 925.00 
Iron mg/100 gm. 4.20 4.33 
Calcium mg/100 gm. 213.30 219.70 
Table 2 
Carbohydrate content of the Egyptian broad bean seeds 
(dry basis) 
Carbohydrate c o n s t i t u e n t Giza I Giza I I 
Reducing sugars 7.20 7.50 
Non-reducing sugars 1.76 1.83 
Total sugars 8.96 9.33 
Starch 37.46 36.50 
The carbohydrate contents of the broad bean seeds reached to about 46.4%. The 
starch content represents the major reserve polysaccharide (37.46%) as shown in Table 2, 
while the reducing sugars ranged between 7.20—7.50%, and the non reducing sugars from 
1.7—1.8%. The paper chromatographic analysis revealed the presence of galactose and 
sucrose in the aqueous alcohol extracts of the cotyledons, and acid hydrolysis for the poly-
saccharides showed the presence of glucose and arabinose. Xylose and glucose were detected 
in the alcohol extracts of the rinds while the polysaccharides contained xylose, glucose, 
galactose and arabinose. These results confirm the previous findings by GHALI (1955) and 
KAWAMURA— NAKAMURA (1954) , KAWAMURA ( 1 9 5 4 ) b u t t h e p r e s e n c e o f g a l a c t o s e i n t h e 
aqueous alcohol ext ract of the cotyledons was not previously detected and this may be due 
to the varietal differences. The determination of the protein contents of the seeds in the two 
varieties Giza I and Giza II showed a high protein content (28.10 and 28.62%). 
The acid hydrolysis for the proteins and the determination of the amino acids by 
the chromatographic analysis, showed the presence of sixteen amino acids. As shown in 
Table 3, it is quite evident that the seeds contained most of the essential amino acids required 
for human consumption: glutamic acid, aspartic acid, sarine, glycine, phenylalanine, valine, 
leucine and isoleucine, arginine, lysine, and valine were present in relatively larger amounts. 
Most increases were attributable to glutamic acid, aspartic acid, leucine, isoleucine, and lysine. 
The determination indicates that the two varieties are poor sources of the sulphur containing 
Acta Agronomica Academiae Scientiarum Hungaricae 22, 1973 
V A R I A 1 9 3 
Table 3 
Amino acid composition of Egyptian broad bean seeds 
(dry wt. basis) 
Amino acids 
mg/100 gm Mg./g. N 
Giza I Giza I I Giza I Giza I I 
Aspartic acid 2125 2080 530 507 
Glutamic acid 4186 4254 1026 1023 
Serine 1325 1341 331 327 
Glycine 1305 1318 326 321 
Threonine 965 943 237 227 
Alanine 900 916 221 220 
Lysine 1533 1645 376 395 
Arginine 1415 1434 347 345 
Tyrosine 1001 1121 245 270 
Valine 1370 1335 336 321 
Leucine -f- Isoleucine 3308 3328 811 800 
Phenylalanine 1112 1148 273 276 
Tryptophane 272 270 67 65 
Cystine 218 226 53 54 
Methionine 159 170 39 41 
amino acids such as methionine and cystine and are somewhat deficient in the tryptophan. 
There were no differences in the amounts of the amino acids with the exception of lysine and 
tyrosine which were relatively higher in the Giza II than the Giza I variety which was rich 
in the values of valine, leucines and threonine. 
Prepared at the National Research Centre, Cairo. 
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CLUSIUS—BEYTHE: STIRPIUM NOMENCLATOR PANNONICUS 
S T I R P I V M 
NOMEN-
CLATOT TAN, 
N ON I С V S. 
Author« fW 
C A R O L O C L V S I O 
Atrebate. ^ 
i Nil nature pirit càfuJtdmiximM Anther jw 
j Fultnojd in rebu*i queJua fail л doctia. 
I Vos igltur medic*ftudiofiPaHnones arás, и» 
Нм Variéi flii pes nofceren* f igtet. № 
[ Clufm ittarum Vu/gari ntrrnna voce ^ 
f Scripfit î vc btcfiudium fahbet vfa iuutt, ^ 
I Í • lU 
j l M P R E S S V M N E M E T : 
J v y v v a r i n i per Iohannem 
[ Minl ium. 
ANNO M. V. L X X X l l h 
FacshniliMlitRaw vail Clusil»' Slirptum Sam. KtMar Vanuatu-
ru. I ISWIiiaar hot ornigc exfiuplaar flat hii-rvait ""V brkemi I«« 
Oat r.irh iK'vimit in deliibliolbcrk vanh. t IranciscawiikbKisb'r te 
Német-Újvár in HiHtgarije (lie Ы>. 158) 
lie ti.mliaan van Kennem.l kl.awter vrrleemte mij welarlllrnd <te 
tnentenniiiliK tot lieze re|inatnet№. 
lie ta.vi-и reellterh.e-k van bet Ы-kje is eetitBStUtm mm»«. 
aailf-eiteten, vamlaar de Hellte la seliadittmK der Ь1а,1/.и<1> » aan <le 
iKiventmeken, waardtair sointijils enkele letters daar te, l>laat-e r.ijn 
Vetdwenen. 
Fig. 1. Publication of the title page of the Stirpium Nomenelator Pannonicus faximile 
(Hungarian edition) 
The Stirpium Nomenelator Pannonicus, the catalogue of the Pannonian plants is a 
small Latin-Hungarian onomasticon printed in eights. I t was first published in Hungary, 
in 1583, then in Belgium, in 1584. Although no indication of the growing sites of plants is 
found in the book, i t must be considered one of the first a t tempts to describe the Hungarian 
flora. After Melius'Herbarium published in 1578 this was the second botanical booklet written 
in Hungarian. 
The Hungarian edition was published in 1583 at Németújvár, on the estate of Bol-
dizsár Batthyány (1543 1590), a Hungarian aristocrat of humanist education, in János 
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Manlius' printing house, in an extension of 16 pages. This edition, however, was almost 
completely lost due par t ly to the small number of copies published, partly to the permanent 
war situation existing a t tha t time in Hungary. The only copy left was found by László Fejér-
pataky in the library of the Franciscan cloister at Németújvár , 300 years af ter the publica-
tion, iu 1883. Of this copy a facsimile has been made which is kept in the National Széchényi 
Library at number RMK. I I . 175. 
The Belgian edition was published in 1584 in Antwerp, in Plantin's printing house 
though not in a separate volume but as a part of Clusius' "Rariorum aliquot Stirpium. per 
Pannoniam, Auslriam et vicinas quasdem Provincias obseruatarum História", which from a 
Hungarian point of view is Clusius' most important, what is more: epoch-making work. The 
latter work ran into several editions, each differing from the others; in one thing, however, 
they agree: the Nomenclator Pannonicus is contained in all of them (Fig. 2). The Nomen-
clator Pannonicus should be regarded as the complement of Clusius' great work mentioned 
above. Namely, the plants listed in it were collected by Clusius too. However, in his great 
work mentioned above he described only the ones occurring less frequently. More common 
plants are listed only in this catalogue. 
When the two editions of the Nomenclator Pannonicus are compared evidence is given 
to settle a much discussed problem: to make sure the person of the author; fur ther , an example 
is presented of the importance of international scientific cooperation in the 16th century. 
Even the front-pages of the two editions are different. On the front-page of the Hun-
garian edition we find the name of Clusius as author: "Authore Carolo Clusio Atrebate". On 
the other hand, a hexastichon written by István Beythe in praise of Clusius is printed on 
this front-page: 
"Nil natura parit casu, sed maximus Author 
Vull nosci in rebus, quae sua facta decent. 
Vos igitur medicae studiosi Pannones artis, 
Has varias stripes noscere ne pigeat. 
Clusius illarum vulgari nomina voce 
Scripsit: lit hoc Studium quilibet usque iuuet. 
S. B . " 
"Nothing is born from nature, but everything from the supreme Creator who wants to teach 
you through His deeds. Thus, you who in Pannónia study the art of medicine do not refuse 
the knowledge of these plants. Clusius gave them popular names so that anybody can make 
use of this book." 
(The Hungarian translation is a measured poem writ ten by János Bódás.) 
Until the Hungarian edition was found in 1883 a t Németújvár some scientists had 
thought that the Nomenclator Pannonicus was Beythe's work. After the Hungarian scientists 
foreign authors (e.g. Pritzel: Thesaurus Lit t . Bot. 1851, p. 47, and 1872, p. 64) too attributed 
this work to Beythe. There were even some of them who accused Clusius of having kept 
Beythe's name back in the Antwerp edition. After the discovery of the Németújvár edition 
the scientists did justice to Clusius pointing out that the Nomenclator Pannonicus is the result 
of a joint work done by Clusius and Beythe. This statement could be made with great cer-
tainty since that front-page of the Németújvár edition — prepared for the press undoubt-
edly by Beythe — proved unambiguously the authorship as well as the useful and imperishable 
work of Clusius. 
The preface was published in the two editions almost with the same text. Clusius 
speaks in it to the botanists of Hungary, asking them to extend the Nomenclator Panno-
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STIRP IV M 
N O M E N C L A T O R 
P A N N O N I C V S . -
A N T V E R P f AË, 
E x officina Chr i f tophor i P lant in i , 
M. D. L X X X I I I I . 
Fig. 2. Publication of the title page of the Stirpium Nomenclator Pannonicus faximile 
(Belgian edition) 
liicus and give names to the other Hungarian plants too. In this preface dated from Vienna 
in January 1583 Clusius writes, among others the following: " . . . i t seemed more advisable 
to collect other plants growing in Pannónia too. and find out their popular names in order 
to please you as much as possible. There were, of course, many who helped me in this work, 
but the greatest assistance of all was given by István Beythe, the scholarly preacher of the 
Word of God at Németújvár, on the estate of the honourable Boldizsár Bat thyány, who 
taught me most of these Hungarian names when on several occasions we went together to 
search for plants at different places." (Fig. 3.) 
Thus, while on the front-page of the Németújvár edition it was Beythe who pointed 
to Clusius' merits, in the preface Clusius thanked István Beythe. the "preacher of great 
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C A R O L V S C L Y S I Y S 
P А К N О N. I В V S ' 
fei herbari* ftudiofij. 
[ Vm Strrpii,qam hi prtxbui elapfis 
: лжам, CÍM tn Panainia patte, tarn 
) in Aaßria, ф viciai qtubnfda» 
Treniaciis ebferaani, Ht ferma elt-
fcribtrem-.frmma etiam Mihi игл fait,vtta-
rnmfacaltates(qaanlam quidam Oenttjab ел-
гам iactli, tarn etiam valgaria acacia л fer-
dsfcertm. Уегмт сям шар dantaxat ßir-
fiam hüteriam defcrtbenda.mfamßffern, вал 
had enne л aemiat Afernata fant, vei ß flat, 
aequaquam tarnl, aalfalttm négligeât er faat 
defcripta: paaca faeraat qnara vtifacaitatet, 
vei acmiaa inteStgere petatri». 
Cet) fait ms Huf. vifem eft alias ctiam ßir-
pes qua ia-Paanensa atfcaatar, ceBigere, ea-
rinj vnlgatia nemina ptrfer atari, vi vabi 
bac im rt, qaàm vtaximi ptfim, gratißc*. 
Ter. Nett tief at rant faxt qut mean hatte laha-
rem iaaareat : fed ста ta» maxime dad i f i . 
тж vir Da. S it phartat Bey the, Diaini ver. 
hi praca apad HtaUrtm Herttm Demiaam 
t altbafarens de iatthyan ,ia ipfiat ír he Ne. 
muthteyCcar,qui maximum htram Уagarice-
ttm á$miama pbrttnafrafra ciiartfatt tát-
t Hadam altqaetiri ad perqairtaUasvartß la. 
capiat* (imaiegrtfi faMw. tiaUiPitatvat 
accepta re ferre far tß, qua bac batet vahi 
praptaa yagarica flirpiam aamiaa. 
С ET E * V M ,q ata tarn pleraqneßirpesfr. 
fer fret,qaaram valgarcmacpeäatUntnrae-, 
qaeah ea.aeqae h quaqatm alia inteSigere li-
cantsfnatqaet Panaanesin meam Sttrpin bi-
ßariam, nl haue Ntmenclaterem incident, 
ara,vi irrbartarn hu ft adtam, qaaati ia tpßr 
tßfremauert apad fan centendani,reliquafr 
qae ßirpes vent У agar ici neminsbaa fentre 
пеа gr ласа tar : ф fr Ai ia i i , fan liaг bit 
ргеретжш, rede exprimeada haSneinacnm 
tß,er rare s benigne cirrigereßtia aas семам, 
aefacerejseftres cent tas iaaare, ne ft ramm U-
li grast fteandt pmpenfam ft adtam ф vében, 
taerm bent cenfalere veliat. yaUtc.Vienae 
CaL laanarq taue reparaU S alatta ba 
ал ci о. » . L X X X и ь 
Atfmooendai verb Lcäor eft, ia VngwkiiKb 
cabulù. \ 
g [ГцЫЦоете^ шкршп [apud Hifpno«, 
б aamn (qoemadiqsdtu* ftapud Сеппалоа) ariae « -
átpnaanfiandnm- dt о, na. 
ta a r írni 
Fig. 3. Introduction to ihe Hungarian edition 
learning", for his assistance. It was in that way that they set an imperishable memory for 
each other and became the ideals of scientists even in the 20th century. 
The preface is followed by the list of plants. The first plant in both editions is "Abies, 
spruce, of which the leaves grow in one direction". And in both editions the list is closed 
by "Zea, spelta. spelt". But this does not mean that the two editions are identical in every 
respect. Apart from minor differences mainly related with the printing technics, the follow-
ing substantial differences are found between the two editions. (When comparing the two 
editions we give the text in a fai thful copy leaving the misprints in it.) 
Németújvár edition 1583 
Adianthum, ruta muraria, Keu fali ruta. 
(Rue) 
Anemone siluestris, kekerchen, feyer veragu. 
(anemone, white flowered) 
Armoracia. Torma. Naslurcium vocanl vulgo 
Vngari. (Horse radish) 
Artemisia lenuifolia, sepreu fiu, hoc est scopa-
rum herba, quod ex ea scopae vulgo fiant. 
Antwerp edition 1584 
Adianthi genus illud, Ruta muraria vulgo 
nuncupatum. Keu fali ru ta . (Rue) 
Anemone sil. kekerchen, feyer veragu, kikeleti 
fiu. (anemone, white flowered) 
Armoracia, siue Raphanus sil. quorundam 
Gallorum Cran. Torma, vulgo Nasturtium 
Latine Vngari vocant. (Horse radish) 
Artemisia tenuifolia. sepreu fiu h.e. scoparum 
herba: quod ex ea scopae apud Vngaros fieri 
soleant. Ob quem etiam vsum Austriaci besem-
kraut appellant. 
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Bugla, töuisk ali seb fiu. 
Chamaemelum, siue Camomilla, zék fiu. 
(Chamomile) 
Cornus, som fa. 
(Bunch-berry) 
Corylus, nux auellana, Monyaro fa, eius iulus, 
monyaro barkocza. (Hazel) 




Dracunculus kygyo trank. 
Eruum, mohar köles. 
(Hungarian millet) 
Eupatorium, vide Agrimonia. 
Ficus, fighe 
(Fig) 
Flos, verag. (Flower) 
Franguln, alnus nigra, bidös fa. 
Heliotropium, napra néző fiu. 
Labrusca, vad zölö. 
(Wild vine) 
Liliasphodelus flore luteo, zöld Liliom, crotae 
apud quos albo flore inuenirit in Pannonicis 
obseruationibus scripsi, Liuolye, Illyan zuet. 
Karcissus, Saffran zinö verag. őzzel. 
(Narcissus) 
Nepeta, mat ra fiu. 
Primula veris, kasa verag. tauazi első verag. 
(Primrose) 
Pyrola, teuisk ali fiuechke. 
Santonicum barany iröm. 
Seriphium, tengöri iröm. 
Siligo, öregbed ros. 
Corylus, nux auellana siue pontica. monyaró 
fa. 
(Hazel) 
Coryli iulus, siue flos. monyaro barkocza. 
Frangula Matthioli, Alnus nigra Dodonaei. 
bidös fa. 
Fungus nuncupatus Crepitus lupinus. pöfeteg. 
(Puff-ball) 
Liliasphodelus luteo flore, zöld liliom. 
Primula veris. kasa verag, tauazi első verag, 
h.e. 
milij contrili flos (praeferlim paliida d'/'tv/.oç 
et simplici praedita flore, passim in Vngaria 
et frequentissime nascens) quod milij contrici, 
Kasa ab Vngaris appellati, colorem référât. 
Quercus robur. Kemeni cherfa. (Robur) 
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As you can see the Németújvár edition includes 20 plants which are missing in the 
Antwerp edition. On the other hand, there are four plants in the Antwerp edition which are 
not found in the Németújvár edition. This edition gives, further, a more detailed description 
of the plants while the Németújvár edition does this only in the cases of Liliasphodelus flore 
luteo and Pseudodamasonium (in the other edition: Pseudodamasionum). All this proves 
— in our opinion — that the Antwerp edition was prepared for the press by Clusius while 
the Németújvár edition by Beythe. Beythe, otherwise, must have been a connoisseur of 
plants, and it is regrettable t h a t he left no such work behind as the one Melius presented 
us with. Summing up: in the Németújvár edition the number of p lants listed is 346, while 
in the Antwerp edition 330. 
The importance of this list is increased by the fact that it includes 235 plants which 
are not found in Clusius' other works. If we do not count the cult ivated and foreign plants 
there are still 145 plants left which increase the number of Hungar ian plants mentioned 
by Clusius, says Endre Gombocz. 
It was not only from a botanical point of view that the Nomenclator Pannonicus 
was important, but also as a s tudy on the Hungarian language, as i t is a rich source of Hun-
garian plant names. The possibility of the complete loss of the booklet was all the more 
distressing. For this very reason David Czvittinger (1676—1743) preserved it in full for us 
on pages 51 — 66 of his great work "Specimen Hungáriáé Lileratae" published in F rankfu r t 
and Leipzig in 1711. (The preface was included, however, only in par t . ) His aim — as he 
himself said — was partly to save it from complete destruction, par t ly to encourage those 
who like botany in Hungary to extend this list. 
Czvittinger not only corrected the Hungarian names which had been printed wrongly 
— in and old-fashioned way —, but also extended the list by writing the German name after 
the name of each plant through which the bilingual Nomenclator Pannonicus became tri-
lingual, on one hand; and by listing more than 30 such plants as no t contained in either of 
the two editions, on the other. They are: Acacia, Acetosa, Amaracus, Bacheku (radix Indiae 
Bagolygomba, bachkres), Cinamonum (sic), 17 species of Fungus, Malus aurantia, Malus 
citri, Olea, Tabacum, etc. 
I t is obvious again tha t Czvittinger did not know about the Németújvár edition. 
I t is not mentioned in the introduction either, and — above all — of the 20 plants which 
are found exclusively in the Németújvár edition only 3 are contained in Czvittinger's book 
which, however, he published beyond a doubt with the names he added to the list: Atriplex, 
Ficus, Narcissus. On the other hand, he did not include e.g. Hieracium and Quercus lati-
folia either, although they are found in the Antwerp edition too. 
The Nomenclator Pannonicus is thus known today in 3 variations. By studying and 
comparing them our botanists and linguists may find further treasures. 
The Nomenclator Pannonicus has another remarkable feature which must be mentioned 
here. Namely, while listing the plants it preserved for us two old legends related to two grasses. 
After listing the "Gentiana, quae vulgo cruciata dicitur, zent Lazio király fiue, hoc est, S. Ladislai 
Regis herba" it tells the following legend in Latin: "László, the f i r s t Hungarian king with 
this name, who later was called saint for expelling the Tatars from Hungary is said to have 
been chased earlier by the Tatars throughout Hungary and fled to Dacia i.e. Transylvania, 
to the town of Claudius, better known as Kolozsvár. Here he made friends with a very rich 
and wealthy butcher and became related to him by marriage. With the help of this butcher 
who covered the costs of war László at last at tacked the Tatars and took the whole Hungary 
back from them. While chasing the Tatars — when they dispersed the plundered golden 
coins in order to delay the Hungarians in chasing them — he beseeched God to change the 
coins into stones. His prayer was granted. The f l a t stones, the fields near Arad are full of, 
are said to have been golden coins earlier. I t is said that during the reign of this king the 
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Fungus orbicularis (cuucus tu-
berofu», Keferógaibba, fütí>f 
pfiffftl-ttq. 
Fungus ramofus caprinus, Ktes-
krgomb», gtiefcMoam» 
,Fangus i uberrugatus.x^räi 
gdncs, tOtiVcfrâuctiÎnq. 
Fungus fylvcftris albus,caulecJt-
ruleo, Fejér varganya. 
;Fungusfylv. angularis, auricula 
.flammeaMalchi, Petritz pO-' 
ftfcnit). 
Fungus fylv. monftrofus Bokros-
gomba, fifrbttUttg. 
Fungus fterquilinius albus, Ganei-
gomba,w\%tv tnififtyroam-
Fungus fuillus, Difzmógomba, fäll« 
pfífftrlina-
Fungus tuberofus,Oö/>äri<r,ltlOf : 
cbf l /pjt i f ldina. 
Galla , Buga. flûlapfd. 
Gallium, Tejfugoritójfé , Szcnt-
FványvirJga, UH ( f t frûUftl 
Î>rt|UOt)/n>ûlD:Ot>fr 
flroÇ.
 e i ; 
Gcniiia, Fößbvirdg , pfniUttt/ 
gcncfUr-
Gentiana, vulgo Cruciata di<3a, 
Szent• Ld:iJokirdly fuve: h. e. 
S. Ladislái berba , àLadislao, 
Hung. Rege, qui Sanciiagno-
men adeptus eft, propter Tar. 
sarorum ex Hungaria expul-
iionem.Eum aut em fer unt pri-
Fig. 4. A page from 
_ L L T E R A Т Ж y -
mùm t о t a Hungiria i Tartaris 
putfum, in Daciam fiveTran-
fylvaniam profugiiTe,in urban 
Clandiopolim five Cebfv4r, 
atque iftic cum opulemo & 
prardivite quodam lanione 
amicitiâ& familiaritate con-
concra&â .ejusdem recens na-
tum filiolum ex S. bap t (mat is 
fonte fufcepiffe-Illius ergo fub-
fidio pecuniario adjutus Tar-
taros denuô aggretfus, eis to-
tam Hungáriám rutins eripuit. 
In hacTartarorum fuga , nu-
mosaureos ex pratda coile&os, 
cum Tartari in campo Aradi-
enfi abjicerent, ut infeq u entes • 
Hungarosremorarentur, pre-
cibusàDeocontendit Rex ,ut 
aurumin lapides converter«. 
Votum eventus fcqvutus eft. 
Inde nonnulli faâum putant, 
quod Aradsenfis ille campus 
planis adhuc hodie iapillis 
abundet, qui atiquandoaurei 
numi fuerint. Pratterea uni-
verfam Hungáriám hujus Re-
gis tempore , pefte quoque 
graviflîma affliftam fuiflê per-
hibetit, eundemque precibus 
à Deo obtinui(Te,utquamcun-
que flirpem fagiu4 ab ilk) in 
altum emifsà decidendo feri-
ret, utile ad banc luem curan-
H dam 
the Hungarian edition 
whole of Hungary was stricken wi th plague, but as an answer to his prayers to God the plant 
hit by his arrow was capable to cure this disease. The arrow is said to have hit 'cruciata ' 
with which the king then cured his subjects from the infection of the plague." (After the 
Németújvár edition, Fig. 4.) 
Another legend has been preserved too in the Nomenclator Pannonicus, that related 
to the pimpinella. "Pimpinella germanica, Saxifraga (kőtiirőfű) Csaba's balm or Csaba's 
plaster. (Chabaeemplastrum.) I t is said, namely, t h a t Prince Csaba, King Attila's youngest 
son born from the daughter of Caesar Honorius fought his brothers Ellák and Dinció for 
the inheritance of the kingdom af te r his father's death . They were defeated and slaughtered 
by the Ostrogoths who formed an alliance with Ardaric, king of the Gepids, only Csaba sur-
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vived u n h u r t the ba t t l e with 15.000 of his men, w h o were, however , wounded in o n e or 
another p a r t of their bodies. B u t the above men t ioned grass placed b y pure chance o n the i r 
wounds cured t h e m , and t h a t is w h y it was called l a t e r "Csaba 's p l a s t e r " , or "Csaba 's b a l m " . 
(Af ter Czvi t t inger , Fig. 5.) 
The Nomenc la to r Pannon icus did a great service merely by record ing these two l egends . 
The legend of St . László's grass was written u p b y J á n o s Arany , t h e greatest H u n g a r i a n 
epic poet (1817—1882) in a poem consisting of t h r e e p a r t s and 53 four - l ine stanzas. T h e s a m e 
poet in tended to wr i te about t h e Csaba's balm in t h e Csaba-tri logy, b u t only a s k e t c h was 
completed. As to t he Csaba's b a l m (pimpinella) László Arany (son of J á n o s Arany) w r o t e in 
a note the fol lowing: "See Ipo ly i : Magyar Mytho log ia (Hunga r i an Mythology) 160. T h e 
15* Acta Agronomica Academiae Scientiarum Hungaricae 22, 1973 
Fig. 5. The legend connected wi th Pimpinella germanica 
2 0 2 V A R I A 
Hungarian name of this grass of miraculous power, and the legend related with it are found 
— apart from the living popular tradition — in a 16th century herhal too." 
A last question must by all means touched upon: namely, the question of what is to be 
understood by the name of Pannónia. It was a much discussed problem over a long period 
what Clusius had understood by Pannónia. However, Károly Flatt pointed out with locality 
data as a confirmation that by Clusius' Pannónia a part of Hungary is to be understood. And 
while it is beyond question that the lines bordering Clusius' collecting area are not as distinct 
as the political borders, it is still quite certain tha t when in other works he mentions "in 
utraque Pannónia" he thinks of the present Transdanubia and Croatia (Yugoslavia) and 
not of Lower Austria or Styria which he generally mentions separately. 
As you have seen in the preface of the Nomenclator Pannonicus Clusius called upon 
the botanists of Hungary to extend the Nomenclator Pannonicus and give Hungarian names 
to the other plants grown in Hungary too. But how long this must have been waited for 
is shown by the fact that after Melius and Beythe József Csapó's (1734 — 1799) work: "Uj 
füves és virágos magyar kert" (Hungarian grasses and flowers), 1775 was the first botanical 
work written in Hungarian which tried to give a botanical knowledge to those unfamiliar 
with the Latin language. 
P . HARGITA 
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CHENOPODIUM POLYSPERMUM AND DATURA INOXIA AS NEW TEST PLANTS 
FOR TWO STRAINS OF ALFALFA MOSAIC VIRUS 
The host range of alfalfa mosaic virus (R/ l : 1,3/18 : U/U : S/Ap, AMY) is known to 
be very wide (reviewed by THORNBERRY 1966, QUANTZ 1968, CRILL et al. 1970) and it is still 
developing continuously (BECZNER - SCHMELZER 1972a, b, SCHMELZER et al. 1972). Plant 
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Table 1 
Reactions of Chenopodium and Datura species against AMV 





Chenopodium album** L s L S 1 
C. amaranticolor** L S L S 1 
C. ambrosioides L L SCHMELZER 1962 — 6 3 
C. botrys L s HORVÁTH— BECZNER 1 9 6 8 




SCHMELZER —SCHMIDT 1 9 6 8 
C. foetidum L s L s HORVÁTH —BECZNER 1 9 6 8 
SCHMELZER 1962 /63 
C. glaucum L s L s BECZNER —SCHMELZER 1 9 7 2 
C. murale L L SCHMELZER 1 9 6 2 — 6 3 
BECZNER 1967 
С. polyspermum L s L s new host 
С. quinoa** L s L s 1 
С. rubrum L s L s BECZNER—SCHMELZER 1 9 7 2 
С. vulvaria L s L s LOVISOLO 1962 
Solanaceae 
Datura inoxia ( L ) s ( L ) s new host 
D. metel L s L s CRILL et. al. 1970 
D, meleloides s s LOVISOLO 1962 
D. stramonium** var. stramo-
nium L s ( L ) s 1 
var. inermis L s ( L ) s 
D. latula L s (L) s NAG AICH—GIRI 1968 
L = local, S = systemic symptoms, / / = mild or occasional. = susceptible, 
— = not tested, ** = natural hosts of AMV, 1 = very frequently used host (e.g. reviewed 
b y THORNBERRY 1 9 6 6 , H U L L 1969 , CRILL et al. 1 9 7 0 ) " 
species belonging to the families Chenopodiaceae and Solanaceae, are especially susceptible 
to AMV. They are important from the point of view of identification, too. 
Of the genus Chenopodium which belongs to the family Chenopodiaceae the following 
species were studied with respect to their role as indicator or test plants: Chenopodium album, 
C. amaranticolor, C. ambrosioides, C. botrys, C. capitatum, C. ficifolium, C. foetidum, C. glau-
cum, C. murale, С. polyspermum, С. quinoa, С. rubrum and С. vulvaria. 
Of the genus Datura which belongs to the family Solanaceae the following species were 
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Fig. 1. Chenopodium polyspermum plants inoculated with alfalfa mosaic virus. Above: systemic 
symptoms produced by (left) AMV-L and (right) AMV-S. under: (left) symptoms on rubbed 
leaves, (left) AMV-L and (right) AMV-S 
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Fig. 2. Datura inoxia plants inoculated with alfalfa mosaic virus. Above: (left) yellow mosaic, 
(right) chlorotic spots on rubbed leaves and vein clearing appeared first after inoculation, 
under: (right) mosaic and leaf deformation in chronic stage, (left) D. metel showed systemic 
symptom 
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studied: D. inoxia, D. metel, D. meteloides, D. stramonium var. stramonium, D. stramonium 
var. inermis and D. tatula. 
The aim of the present s tudy was to test whether or not Chenopodium and Datura 
species, not studied so far in this respect could be used as test plants for AMV and to rein-
vestigate the reactions of the species mentioned in Table 1 to two different types of AMV 
strains. 
For these experiments two strains (cf. BECZNER 1967, 1972) of AMV were used. The 
methods of preparing and using the inocula have already been described in previous papers 
(BECZNER 1967 , BECZNER—SCHMELZER 1972). 
Results are given in Table 1. In general, AMV-L isolate produced more severe symp-
toms on all test plants used, than those produced by AMV-S. Chenopodium species, except 
C. polyspermum are well known hosts for AMV-L and AMV-S, giving the same reactions with 
the two virus strains. AMV-S caused fewer local lesions and milder systemic (mosaic of leaf 
deformation) symptoms. A new experimental host, C. polyspermum reacted locally in 3 — 5 
days after inoculation and systematically within fur ther 2 or 4 days. The local lesions were 
surrounded with a brown necrotic zone in the case of AMV-L infection, while AMV-S caused 
chlorotic local lesions (Fig. 1). 
The diagnostic value of C. polyspermum is especially important because of the pro-
duction of pronounced and countable local lesions. 
It was found that Datura species reacted with local and systemic symptoms to the two 
types of AMV strains. Upon infection with AMV-L the mosaic and deformation symptoms 
became especially severe. Datura inoxia proved to be a new host of AMV. It produced chlo-
rotic (occasionally necrotic) local lesions on rubbed leaf and vein clearing and deformation 
of following leaves (Fig. 2). This new host will improve an artificial system for differentiating 
various AMV isolates into severe, mild and weak groups. 
* 
Prepared by the Department of Plant Pathology, Research Inst i tute for Plant Pro-
tection, Budapest. 
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FRUIT SET PROMOTED BY CHEMICAL INDUCTION IN PÁNDY SOUR CHERRY 
The low fertility and unreliable productivity of the Pándy sour cherry is generally 
known. It is one of the important objectives of sour cherry production to increase the relia-
bility of production in the completely self-sterile Pándy sour cherry. 
The productivity of varieties can be increased partly by breeding methods, partly by 
suitable pollen varieties, the right choice of their proportions and optimum arrangement 
within a plantation. The reliability of production, on the other hand, is promoted — besides 
the growing site and disease resistance — by the natural and induced parthenocarpy. 
In stone fruits natural parthenocarpy does not occur, therefore from the point of 
view of increasing the reliability of production fruit set induced by chemicals is of great 
importance. 
Investigations aimed at increasing the fruit set of Pándy sour cherry were carried 
out in 1968 and 1969 with trees of medium trunk height grown on Prunus mahaleb root-
stocks, transplanted at the Érd-Elvira stat ion of the Horticultural Research Inst i tute at a 
spacing of 8 X 8 m. The present paper gives an account of the preliminary results. 
The ability to become fertile through free pollination is highly varying in the Pándy 
sour cherry clons, the investigations were, therefore, performed with grafts of clonal scion. 
The treatments of the experiment were set on five trees of the early flowering clon of Pándy 
number 48. In the years of the experiment the weather at the t ime of flowering varied greatly, 
as shown by the differences in fertility and productivity between the years. 
In 1968 flowering began on 9 April which was followed by heavy snow. Air tempera-
ture fell considerably, and frost set in at dawn ( — 4.5°C). The cold weather inhibited the flower-
ing and prevented the frui t set for two weeks. 
In 1969, as a result of a rapid rise in the temperature, the flowering of Pándy — 48 
suddenly set in on 19 April. Owing to the high protracted temperature (-j-25°C) the dura-
tion of flowering was very short. 
During the experiments the following observations were made in the P á n d y No. 48 
clon: a) The ability to become fertile through free pollination. All open flowers were counted 
at the four cardinal points of the five trees marked out per treatment, in defini te parts at 
a medium height in the crown and on this basis the percentage proportion of flowers in the 
variety collection of which fruit developed under natural conditions was determined, b) The 
effects of various chemical treatments on f ru i t set and f rui t quality. At the phenophase of 
bud bursting the flowers were isolated with parchment paper bags. Chemical treatments 
were applied on two occasions: in full blossom (in the isolators 70 — 80 per cent of the flowers 
were open), and 14 days later. The various concentration solutions were applied to the open 
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Table 1 
Effect of treatments icith various chemicals on fruit set and fruit quality in the clon Pándy No. 48 
(Érd-Elvira, 1968, 1969) 
T r e a t m e n t 




F r u i t se t 
a t r ipening 






( p p m ) 
t i m e 
Control 1968 15.678 3.2 6.4 
1969 17.512 10.5 5.2 
GA3 100 full blossom 1968 2.354 0.0 — 
1969 5.862 0.0 
— 
GA3 250 full blossom 1968 2.011 0.0 — 
1969 4.350 0.0 
— 
GA3 500 full blossom 1968 1.873 0.0 — 
1969 6.210 0.0 
— 
GA3 100 full blossom, then two 1968 2.481 0.0 — 
weeks later repeatedly 1969 4.392 0.0 
— 
GA3 250 full blossom, then two 1968 3.117 0.0 
weeks later repeatedly 1969 3.028 0.0 
— 
GA3 500 full blossom, then two 1968 2.973 0.0 — 
weeks later repeatedly 1969 4.521 0.0 
— 
2.4-D 50 full blossom 1968 3.183 3.5 2.7 
1969 4.215 4.1 2.5 
2,4,-D 50 full blossom, then two 1968 3.121 3.5 2.3 
weeks later repeatedly 1969 3.016 5.2 2.8 
2,4,5-T 30 full blossom 1968 3.850 10.5 2.0 
1969 2.975 9.2 2.1 
2.4,5-T 30 full blossom, then two 1968 3.010 15.1 2.4 
weeks later repeatedly 1969 3.527 17.3 2.3 
GA3 + 2,4-D 250 + 50 full blossom 1968 3.270 8.3 2.9 
1969 4.013 9.2 3.1 
GA3 + 2,4-D 250 + 50 full blossom, then two 1968 4.879 15.7 3.0 
weeks later repeatedly 1969 4.218 12.1 2.8 
GA3+2,4,5-T 250 + 30 full blossom 1968 2.997 38.6 2.6 
1969 3.526 27.5 2.9 
GA3+2,4,5-T 250 + 30 full blossom, then two 1968 3.107 53.1 2.3 
weeks later repeatedly 1969 3.301 48.7 2.4 
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flowers by painting. The following chemicals were included in the experiments: gibberellic 
acid (GA3), dichlorophenoxy-acetic acid (2.4-D), 2,4,5-trichlorophenoxy-acetic acid (2,4,5-T); 
Tween-20 (polyoxy-ethylene-sorbitane monolaurate) was used at 0.05 per cent as wett ing agent. 
The isolators were removed immediately after flower shedding. 
Frui t i»et was assessed at the time of ripening and expressed by the percentage pro-
portion of frui ts set to the to ta l number of flowers treated. To characterize the effect of the 
treatments on the quality of the fruit we determined the average fruit weight. The effect 
of chemical treatments of various concentration applied at different times on f ru i t set and 
fruit quality is shown in Table 1. 
According to the results of the investigations, the highest extent of parthenocarpic 
fruit set — as compared to the control, set through cross pollination — was induced by a 
combined treatment with GA3 250 ppin + 2,4,5-T 30 ppm applied in full blossom and re-
peated two weeks later (in the free pollinated control fruit set a t the time of ripening was 
3.2—10.5 per cent, while in the above treatment it ranged between 48.7 and 53.1 per cent). 
The two synthetic auxins included in the experiments had a favourable effect on f ru i t set 
both when applied by themselves and when combined with GA3. GA3 in itself was not found 
efficient in any of the treatments. 
The chemically induced fruits of the P á n d y sour cherry were all parthenocarpic. Fruit 
size showed a high heterogeneity at the time of ripening. The economically valuable partheno-
carpic frui ts had an average weight of 2.0—3.1 g, while the weight of fruits set by cross pol-
lination was 5.2 — 6.4 g on an average. 
Under the influence of certain treatments the time of ripening also changed. The most 
remarkable change was observed with the GA3 + 2,4,5-T t reatments : fruits ripened 1.5 — 2 
weeks later than those of the control. 
* 
Prepared at the Department of Plant Genetics and Breeding of the University of 
Horticulture, Budapest. 
J . NYÉKI 
PLASMON—GENOME CONDITIONED P O L L E N LETHALITY IN EU-OENOTHERAE 
In Oenothera of the sub-genus Eu-Oenothera there can be found two pollen-patterns: 
in the homozygote species a homogeneous pa t t e rn is visible with only full, normal grains, 
while the heterogeneous species reveal three grain-classes with a differently pronounced lethal-
ity. We examined the determinism of this lethali ty. In an earlier work the effect of a lethal 
gene was excluded (LINDER—JEAN 1968). F r o m pollen examinations of bastards between 
homozygote and heterozygote species a plasmatic condition of pollen lethality can be pre-
sumed: always according to the harmonic or disharmonie combination of the genome and 
of the plasmon in the microspore, the pollen grain is viable or lethal. In this sense — for 
the gamethophyte — we have taken the genetic system which was developed by STUBBE 
(1959, 1963) into consideration as an explanation for the leaf-chimeras in the Oenothera 
bastards. Recent works of GÖPEL (1970) and ARNOLD (1970) similarly lead, on another experi-
mental road, to the plasmatic condition of pollen lethality. 
The pollen patterns of hybrids between homozygote species should provide an enlight-
ment, since no lethality is present in the parents, while it may occur in the bastard-progenies. 
A — the two employed homozygote species: 
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The homozygote species consist of different genetic types: 
(1) the nature-spontaneous homozygotes, the area of which extends on the western 
b o r d e r of t h e U . S . A . (CLELAND 1 9 6 2 ) : 
Oenothera hookeri Torrey et Gray (forma Johanssen) 
Oenothera franciscana Bartl. 
Bo th species have the genome (plastom-combination AA)I. 
(2) the translocation-mutated homozygotes. They derive from heterozygotes through 
translocation. This occurs more frequent ly in species which are in possession of the velans 
complex, as e.g. in Oenothera conferta Renner. The newly originated complex has an almost 
velans-similar genotype. Two types are distinguished: 
(a) the semi-homozygotes or semi-mutants (according to RENNER 1941). They derive 
f rom Oe. coronifera and Oe. conferta and are morphologically characterized by the following 
features: clumsy f loral buds, sepals which strike the eye by their dark-red stripes; thence 
the rubrisepala denomination given by Renner to these mutants. 
— Oenothera coronifera forma rubrisepala (abbreviated: Oe. coronifera rubs.). The 
diakinase-view shows a 4-ring and 5 bivalents (4, 5 X 2). The plant is isogametic and trans-
fers the subvelans and velans complexes. The pollen is divided into three classes (48 per cent 
active, 37 per cent inactive and 15 per cent empty grains). The genome/plastom combination 
is AA/II. We received these translocation-mutants f rom the Renner Collection, Munich. 
— Oenothera conferta forma rubrisepala (abbreviated: Oe. conferta rubs.). The diakenase-
view similarly shows a 4-ring and 5 bivalents. The p lant is distinguished from the above-
named by an almost homogeneous pollen-population (17 per cent smaller grains, and 3 per 
cent empty). This form has turned u p in our breeding, from Oe. conferta of the Renner col-
lection. 
(b) The full-homozygotes or full-mutants. They show 7 bivalents in the diakinase 
and are total homozygotes. The pollen is homogeneous. The following species have been 
employed: 
— Oenothera blandina de Vries. This mutant originates from Oe. lamarckiana; its 
genome/plastom-combination is AA/I I I . 
— Oenothera purpurata Klebahn. It is described hy RUDLOFF (1929) in its place of 
discovery on the Lüneburger lowland plain. Its origin is unknown. The genome/plastom-
combination is AA /II. 
These two species are identical with the natural homozygotes. We are bringing them 
together under the denomination "full-homozygotes", in order to distinguish them from the 
semi-homozygotes. 
These six different homozygotes have been employed by us to perform crossings 
between (1) full-homozygotes between themselves, (2) between full- and semi-homozygotes. 
В The pollen pa t te rn of bastards between full-homozygotes: 
Oenothera hookeri, Oe. franciscana, Oe. blandina and Oe. purpurata are in the posses-
sion of the same geno-type A, but of different plastoms (I, II, III). In the present experi-
ment the interaction between a single genom and different plastoms will therefore lie compared. 
(1) Results of the experiments. 
For each bastard at least 3 s tamina from 3 plants were examined. All examinations 
of the same bastard always presented the same pollen-pattern. The results are indicated 
in Table 1. 
From the reciprocal crossings between Oe. hookeri, Oe. blandina and Oe. franciscana 
a homogeneous pollen pattern is shown by the bastards. However, with Oe. purpurata effected 
crossings resulted in plants in which there occurred pollen-lethality: the pollen pattern is 
heterogenous, the grains are unevenly large, the percentage of empty grains fluctuates between 
7 and 30 per cent. 
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Bastards of reciprocal crossings between Oe. hookeri and Oe. purpurata are remarkable. 
If hookeri is the mother, the pollen pattern is heterogeneous, but when purpurata is the mother, 
the lethality is intensified and the grains can be divided into three classes: 68 per cent, active, 
8 per cent inactive and 24 per cent are empty. 
(2) Discussion. 
Oenothera purpurata carries the lethality by its plasmon into the pollen and thereby 
produces a pollen-pattern in the bastard which resembles tha t of a heterozygote Oenothera. 
It is thus established, that the hookeri Xpurpurata bastard contains the maternal hookeri-
plasmon, but also elements of the purpurata-plasmon, which are transmitted through the 
pollen-tube. After the meiosis the purpurata-plasmon in the microspore can be left ou t through 
somatical splitting. In this case a normal pollen-grain comes into being. When, however, 
purpurata-plasmon remains in the microspore, then the pollen-grain regresses. As a final 
result, we have a heterogeneous pollen-pattern. 
In the reciprocal crossing purpurata X hookeri the plasmon is of the purpurata-type, 
to which through the pollen-tube — elements of the boofcert-plasmon will likewise come. 
By the somatical splitting of the hybrid plasmon manifold mixtures will be produced which 
will lethally act differently in the microspore. A pollen-population will arise which can be 
divided into three classes: active, inactive and empty grains. 
Let us attempt to carry over our results, which are connected with the male gameto-
phyte, into the sporophytic genome/plastom-system of Stubbe. When a genome hookeri, 
franciscana or blandina is incorporated into a mixture of Piastom I and Plastom I I I , a homo-
geneous pollen-population of viable grains is derived. Conversely, every plastom-mixture of 
plastom II (purpurata), whether with I or I I I , produces a heterogeneous pollen-pattern with 
all the four genomes (hookeri, franciscana, blandina or purpurata). This shows t h a t the com-
patibility-conditions, which were proved by Stubbe between plastom and genome in the 
sporophyte are not entirely identical with the plasmongenom conditions in the gameto-
phyte; here there appears e.g. no difference in the compartment of plastom I and I I I . 
С — Pollen pattern of bastards between full homozygotes and semi-homozygotes. 
Since the rubrisepala-foims of Oe. coronifera and Oe. conferta are isogametics, two 
hybrid-types appear in F j : velutina and subvelutina. 
(1) Oe. coronifera rubs-bastards. 
All bastards have three pollen-classes, indepently from the course of crossings. The 
active grains are full, the inactives show all regression-forms, commencing f rom the grain 
hampered in its growth to the totally shrivelled, and empty grain (see Fig. 1). The limits between 
grain types are erased. 
— Consequently Oe. coronifera rubrisepala behaves in the pollen-pattern as a hetero-
zygotic species, though genetically and karyologically they are regarded as semi-homozygotes. 
(2) Oe. conferta-rubs. bastards. 
The results can be found in Table 2. Each group of reciprocal crossings represents 
its own case. 
Both purpurata-hylirids show 3 pollen-classes, the lethality is, however, stronger here, 
than in the case of purpurata-bastards with full-mutants. 
The reciprocal crossings with blandina provide the same situation, as found further 
above in the case of hookeri x purpurata : in one crossing direction 3 pollen-classes are shown 
by the bastard, in the other one a heterogeneous pollen pat tern. 
In all the hitherto mentioned hybrids no difference exists between the pollen-patterns 
of velutina and subvelutina. This is also the case with the bastard conferta rubs. X hookeri; 
in the hookeri X conferta rubs, reciprocal crossing, however, homogeneous pollen is shown by 
the subvelutina bastards and a heterogeneous pollen-pattern by velutina bastards. Here it is 
revealed, that the genomes velans and subvelans behave differently in the same plasmon with 
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Fig. 1. Oe. coronifera rubrisepala X Oe. purpurata 3-elass-pollens; The manifold inactive grains 
are arranged according to the regression-degree, a. active grain; ia. inactive grain; 1. empty 
grain 
Table 1 
Pollen pattern of bastards between homozygotic Oenotherae 
Genome/plastom combination 
Oe. hookerixOe. franciscana 
Oe. franciscana X Oe. hookeri 
Oe. hookeri X Oe. blandina 
Oe. blandina y.Oe. hookeri 
Oe. blandina xOe. franciscana 
Oe. franciscanaX Oe. blandina 
Oe. hookerixOe. purpurata 
Oe. purpurata X Oe. hookeri 
Oe. blandina X Oe, purpurata 
Oe. purpurataX Oe, blandina 
Oe. franciscanaX Oe. purpurata 
Oe. purpurataX Oe. franciscana 
'hookeri/I, ' 'franciscana/I 
'
!hookeri/I, ' 'franciscana/I 
4ooke r i / I (+ I I I ) , "blandina/I(+III) 
Л1юокеп/1(+Н1), / ,blandina/III (+I) 
' 'b landina/III(+I) . ' ' franciscana/III(+I) 
' 'b landina/I(+III) . ^f ranciscana/F+III) 
'' hookeri/I(+11), '' purpurata/I(+11) 
''hookeri/II( + I), ^purpurata/IIZ+I) 
' 'b landina/III (+II) , ' 'purpurata/ 
I I I ( + I I ) 
' 'blandina/II( + 111). ' 'purpurata/ 
Щ + III) 
'franciscana/I( — II), ' 'purpurata/ 
I (+II ) 
' 'franciscana/II( + 1 ) , ' 'purpurata/II(+1) 
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Table 2 
Pollen-pattern of bastards between full homozygote Oenotherae and 
translocation-mutants 
Crossings B a s t a r d s Pol len pa t t e rn 
Oe. conferta rubs. X Oe. hookeri subvelutina heterogeneous 
velutina heterogeneous 
Oe. hookeri X Oe. conferta rubs. subvelutina homogeneous 
velutina heterogeneous 
Oe. conferta rubs. X Oe. blandina subvelutina 3 classes 
velutina 3 classes 
Oe. blandinaxOe. conferta rubs. subvelutina heterogeneous 
velutina heterogeneous 
Oe. conferta rubs. X Oe. purpurata subvelutina 3 classes 
velutina 3 classes 
Oe. purpurata X Oe. conferta rubs. subvelutina 3 classes 
velutina 3 classes 
the same genome-partner hookeri. Thus it is hereby demonstrated t ha t in the lethality-
process the genome alone plays here together. 
The bastards between homozygote Oenotherae show two kinds of pollen-patterns: 
either a homogeneous pollen-population with only full pollen-grains, or a heterogeneous popula-
tion, where regressed and empty grains appear. 
The same process determines regressed and empty grains, namely a lethality, which 
is plasmatically karyotically conditioned at the same time. 
The share of the plasmon in the pollen-lethality is, however, prevalent, because between 
two homozygote parents which produce only full grains, only one bastard can come into being, 
which shows a heterogeneous pollen-pattern. The share of the genome in the pollen lethal i ty 
can be established when two complexes arise f rom one of the parents (semi-homozygote). 
The pollen-lethality in case of Eu-Oenolherae is therefore conceived as a disharmony 
between genome and plastom. 
* 
Prepared at the laboratoire de Cytogenetique et d'Ecologie, Faculté des Sciences de 
Lille-Annapes, Lille. 
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I N F L U E N C E OF SOIL ORGANIC MATTER ON SIMULTANEOUS R E L E A S E 
OF SOIL NITROGEN A N D PHOSPHOROUS 
The solubility of soil nitrogen is influenced by several factors like soil moisture, soil 
temperature, p H , organic mat te r etc. Phosphate is next to nitrogen in increasing crop yield 
and according to BEAR (1942), within limits, phosphate fertilizers together with potassium 
and lime can substitute nitrogen fertilizers. 
A recent work of BAINS (1961) indicates t h a t the yield of crops in soils rich in availa-
ble P, is favourably influenced by A nitrogenous fertilizer. SHANKAR- RAO (1966) showed 
that the utilization of soil N by plants is affected by the presence of soluble P, and P is essential 
for bacterial growth. HABGITAI (1967) studied the changes in nitrogen form in the soil and 
the mobility of soil huiriie acid by liming and found that nitrogen solubility is closely related 
to humus qual i ty in a biochemical threshold range of soils at a critical pH range of 5.0 to 5.5 
when P04 solubility approaches the maximum. 
The purpose of this paper is to study the influence of organic matter on soil fertility 
status by the application of different organic ma t t e r fractions from soil humus with alterna-
tive additions of N, P and lime + N -+- P to organic matter free soils and thus to get an idea 
regarding the influence of organic matter fractions in soil in maintaining soil fertility. 
Soils. Soil samples from the following localities mostly of West Bengal were collected 
for the present investigation. 
Analytical methods. A. Kalimpong soil was chosen as the source of organic matter . 
The extraction and fractionation of humus compounds to humic. fulvic and haemetomelanic 
S a m p l e 
Kalimpong 
Burdwan sandy loam 
Burdwan loamy soil 




District Seed Farm, 
Kalimpong, Darjeeling 
Seed Multiplication Farm, 
Kalna , Burdwan 
Kalna Block No. 1, 
Krishnadevpore, Dt. Burd-
wan 
Sugarcane Research Institute, 
Padegaon, Dt. Poona 
Jalpaiguri farm 
Purulia district farm 
Description 
0—15 cm depth alluvial soil 
0—15 cm depth and 15—30 cm 
depth. Cultivated land of sandy 
loam type 
0—15 cm depth and 15—30 cm 
depth, cultivated plot of clay 
loam type 
0—30 cm depth. Black cotton 
type 
0—15 cm depth and 15—30 cm 
depth. Alluvial locality dark 
black in colour 
0—15 cm depth. Laterite zone 
Acta Agronomica Academiae Scientiarum Hungaricae 22, 1973 
V A R I A 2 1 5 
acid fractions were carried out by the usual method (BEAR 1968). The total organic carbon 
was determined by the oxidation method (JACKSON 1967d). The results are given in Table 1. 
B ) Total soil N was determined by the Kjeldahl method (JACKSON 1967C). Total 
soil P was determined by the HC104 digestion method (JACKSON 1967b). The results are given 
in Table 1. 
C) For the determination of the extractable N in the soil, the procedure adapted 
by STANFORD (1968) was followed. The total available P was determined by Bray 's No. 1 
extractants (JACKSON 1967a). The results are given in Table 2. 
Table 1 
Total Soil C.N.P. and non-humic N, non-organic P in gms/lOO gms of soil 




Kalimpong (0—15) 1.68 0.2422 0.03 0.0833 0.01 
Burdwan sandy loam (0—15) 0.9 0.0826 0.0375 0.0294 0.0087 
Burdwan sandy loam (15—30) 0.876 0.0868 0.035 0.0308 0.0075 
Burdwan loamy soil (0—15) 1.14 0.1008 0.0325 0.028 0.0062 
Burdwan loamy soil (15—30) 1.001 0.084 0.0312 0.0258 0.007 
Padegaon black soil (0—30) 0.16 0.0168 0.0237 0.014 0.005 
Jalpaiguri soil (0—15) 1.4 0.1407 0.035 0.0826 0.0047 
Jalpaiguri soil (15—30) 1.42 0.1426 0.0425 0.0854 0.0052 
Purulia latente soil (0—15) 0.95 0.0224 0.0125 0.014 0.005 
D ) The soil samples were freed from organic matter by extraction with 0.5N Na2C03 
and lastly by a treatment with 6% N202. In the organic mat te r free (O.M.F.) soils the total 
N (i.e. non-humic N) and total P (i.e. non-organic P) was determined by the usual procedure. 
The data are given in Table 1. The total extractable non-humic N and non-organic P was also 
determined by adapting the method mentioned in C. The da ta are given in Table 2. 
E ) The effect of organic matter and lime was studied next (1). To a known amount 
of O.M.F. soil known doses of organic matter fractions viz. humic acid (alkali soluble), fulvic 
acid (water soluble) and haemetomelanic acid (alcohol soluble) were added, this was followed 
by an addition of (NH,),S04 as N source and CaH2P04 as P source. The amounts of doses 
used depended on the initial C, N and P content of the soils. After proper moistening (to 
form a paste) the soils were kept for 3/4 days in stoppered conical flasks. Then the total soil P, 
soil N and total extractable N and P were determined in the soils. The results are shown 
in Table 3. 
2. In another set of experiments only the N and P source were added without the addi-
tion of organic matter fractions to the O.M.P. soils. Then the total extractable non-humic N 
and available non-organic P were determined. The results are shown in Table 4. 
3. In order to s tudy the effect of lime on soil N and P solubility, lime was added to 
the soils mixed with 0.01M CaCl, at two different pH ranges 7.0 to 8.0 and 5.0 to 5.5, with 
the addition of a same amount of N, P and organic matter sources as in expt. E (1). The 
total extractable N and P in different organic matter fractions were determined as before. 
These results are reported in Tables 5 and 6, columns 1 and 2. Lime was also'added with the N 
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Table 2 
Cumulative total extractable and NaOH distillable soil N, non-humic N by 9 successive extns. 
with 0.01 M CaCh and available soil P , non-organic P by Bray's No. I extradants 
Column (1) Column (2) Column (3) Column (4) 
Soil 
9 successive extns . w i t h 
0.01M CaCl2. A m o u n t of 
N in mgm/100 gm s of 
soil 
Amount of n o n - h u m i c 
N in mgm/100 g m s of 
soil by 9 successive 
extns. wi th 0.01M CaCls 
Total available 
soil P 





in mgm/100 gms 
of soil Total extd. 
N 
Dist i l lable 
N H , . N 
Total extd. 
N 
Dist i l lable 
N H 3 - N 
Kalimpong (0—15) 4.333 1.319 1.105 0.322 2.475 0.725 
B. sandy loam (0—15) 2.555 0.828 0.308 0.020 2.875 1.75 
B. sandy loam (15—30) 2.639 0.892 0.044 0.032 2.25 1.75 
B. loamy soil (0—15) 4.377 1.046 1.836 0.227 2.375 1.375 
B. loamy soil (15—30) 4.093 1.116 1.097 0.237 2.375 1.365 
Padegaon black soil 
( 0 - 3 0 ) 3.533 1.085 0.718 0.158 1.25 0.375 
J alpaiguri soil (0—15) 4.128 1.319 1.048 0.231 4.00 1.025 
Jalpaiguri soil (15— 30) 4.284 1.426 0.996 0.278 3.00 0.875 
Purulia laterite soil 
( 0 - 1 5 ) 3.98 1.13 0.860 0.53 3.50 2.50 
Table 3 
Soil (O.M.F.) -(- organic matter fractions + N source as (NH4)2SOi + P source as CaH2P04. 
Total soil N, extractable N, NaOH distillable N and total P available P in three different organic 
matter fractions 
Amt. of 





A m t . of P 




Total soil P in diff. 
O.M. f rac t ions in gm/ 
100 gms of soil 
Soil tions added in 
gms/20 gm 
soil Humic Fu lv ic 
Haemeto-
melanic 
Kalimpong (0—15) 0.336 0.048 0.006 0.0137 0.0132 0.0125 
B. sandy loam (0—15) 0.18 0.0165 0.007 0.016 0 . 0 1 0 . 0 1 
B. sandy loam (15—30) 0.176 0.0173 0.005 0.015 0.012 0 . 0 1 
B. loamy soil (0—15) 0.228 0.02 0.0065 0 . 0 1 0.0075 0.0075 
B. loamy soil (15—30) 0.20 0.016 0.0062 0.013 0.0087 0 . 0 1 
Padegaon black soil (0 — -15) 0.032 0.0033 0.0047 0.008 0.0087 0 . 0 1 
Jalpaiguri soil (0—15) 0.28 0.028 0.007 0 . 0 1 0.0082 0.0062 
Jalpaiguri soil (15—30) 0.284 0.028 0.0085 0.012 0.008 0.0075 
Purulia laterite soil (0— 15) 0.19 0.0044 0.0025 0 . 0 1 1 0.0075 0.0087 
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and P source without the addition of organic matter fractions to the O.M.F. soils and total 
extractable non-humic N and available non-organic P were determined. The results are re-
ported in Tables 5 and 6, columns 3 and 4. 
In the present experiment nine different soil types were taken. There is a large dif-
ference between the total soil N and soil P content before and after the removal of organic 
matter in these soils (Table 1). It is seen that humic N is always greater than non-humic N 
except in soils from Padegaon (black cotton type), Jalpaiguri (alluvial soil) and Purulia (late-
rite soil), these show the reverse order. Again, in the case of phosphorous, organic P is always 
greater than non-organic P. This reveals the fact that it is the organic matter that contains 
the major portion of the P and not the soil. However, in the laterite soils of Purulia the dis-
tribution of P is higher in the soil than in the organic matter. Similarly, there is a great dif-
ference in the soluble P and N before and after the removal of organic matter. The total 
extractable N (in initial soil) and the total extractable non-humic N (in O.M.F. soil) shows 
that (Table 2, column 1 and 2) humic N is always greater than non-humic N (obtained from 
the difference of column 1 and 2) for all types of soils. Organic P as obtained from the dif-
ference between the total available P and total available non-organic P (Table 2, column 3 
and 4) is found to be less in amount in some typical soils viz. sandy loam, clay loam of Burd-
wan and laterite soil of Purulia. 
The use of organic matter fractions in O.M.F. soils along with the P and N source 
(Table 3) shows that the humic acid fraction is more effective in releasing P when present 
in clay loam type soils of Burdwan and Padegaon and the laterite soil of Purulia, whilst the 
fulvic acid fraction is more effective when present in the two alluvial soils of Kalimpong and 
Jalpaiguri and the sandy loam soil of Burdwan. The effect of adding the haematomelanic 
acid fraction is not encouraging (Table 3, column 3). However, the humic acid fraction is 
found to be more effective for most of the soil types in releasing soil N and the fulvic acid 
Tota l soil N in diff. O.M. 
f r ac t ions in gm/100 gms 
of soil 
Ex t rac tab le P in diiT. Ü.M. 
f ract ions in mgm/100 g m s 
of soil 
Amount of ex t rac tab le N in mgm/100 gms of soil 
by 9 successive extns. with 0.01 M CaCl, solo. 




H a e m e -
tomela -
n ic 
Humic Fulvic Haemetomelanic 




N H , - N 
Total 
N 
E x t d . 
Dist . 
N H 3 - N 
Tota l 
N 
E x t d . 
Dist. 
NHj-N 
0.091 0.096 0.10 2.50 3.025 2.25 12.04 9.313 12.32 9.79 10.00 9.00 
0.036 0.036 0.039 2.125 2.50 2.00 11.13 9.976 9.92 8.47 8.34 6.24 
0.037 0.04 0.042 2.00 2.525 2.00 11.40 10.04 10.21 8.74 8.97 7.00 
0.049 0.058 0.065 2.875 2.50 2.375 8.25 6.82 9.37 7.90 7.35 5.55 
0.050 0.065 0.068 2.75 2.50 2.375 5.55 4.265 9.36 8.03 7.785 6.05 
0.023 0.036 0.062 3.00 2.45 2.25 13.08 12.84 6.09 4.725 8.02 7.00 
0.085 0.065 0.099 2.75 3.025 2.50 13.30 12.88 13.288 11.902 11.32 9.55 
0.086 0.066 0.105 2.75 3.05 2.525 13.22 10.284 13.74 11.90 11.57 9.57 
0.018 0.017 0.015 3.25 2.625 2.875 4.22 0.284 2.93 0.98 1.52 0.9 
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Table 4 
Soil (О.M.F.) + N source os (NHt)2SO, + P source as CaH„POt. Cumulative total extractable non-humic N, NaOH distillable N and total 
available non-organic P 
Soil 
To ta l N in 
gm/100 gins 
of soil 







A m o u n t of ex t r ae t ab le 
non-humic N in m g m 
100 gms of soil by 9 suc-
cessive ex t rns . with 0.01 M 
CaCl2 soin. 
Organic P in mgm/100 gms of soil, 
in di f ferent organic m a t t e r f rac t ions 
I l u m i c N 
different 
n mgm/100 m s of soil, in 
organic m a t t e r f rac t ions 
g m s of soil 
To ta l N 
E x t d . 
Distillable 
N H S - N 
H u m i c Fulvic Haeme to -
melanic 
H u m i c Fulvic H a e m e t o -
melanic 
Kalimpong (0 15) 0.315 0.01 1.75 9.84 7.50 0.75 1.275 0.50 2.20 2.48 0.16 
Burdwan sandy loam 
(0—15) 0.112 0.009 1.75 8.098 7.00 0.375 0.75 0.25 3.032 1.822 0.242 
Burdwan sandy loam 
(15—30) 0.117 0.007 1.75 8.00 6.82 0.25 0.775 0.25 3.40 2.21 0.97 
Burdwan loamy soil 
( 0 - 1 5 ) 0.128 0.0068 2.25 7.02 4.05 0.625 0.25 0.125 1.23 2.35 0.33 
Burdwan loainy soil 
(15—30) 0.109 0.007 2.00 5.00 4.00 0.75 0.50 0.375 0.55 4.36 2.785 
Padegaon black soil 
( 0 - 1 5 ) 0.0308 0.005 2.025 6.03 5.575 0.975 0.425 0.225 7.05 0.06 1.99 
Jalpaiguri soil (0 15) 0.223 0.005 1.375 9.98 8.00 1.375 1.650 1.125 3.32 3.308 1.34 
Jalpaiguri soil 
(15—30) 0.228 0.006 1.50 9.57 7.875 1.25 1.55 1.025 3.65 4.17 2.00 
Purulia laterite soil 
( 0 - 1 5 ) 0.036 0.005 1.25 1.49 1.40 2.00 1.375 1.625 2.73 1.44 0.03 
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fraction is especially effective for the clay loam type of soil of Burdwan, whereas the haemeto-
melanic acid fraction is the least effective in releasing both P and N (Table 3, column 4). 
The organic P and N content of the soil (Table 4, columns 3 and 4) as has been evaluated 
from the difference between the total soluble soil P and/or N (Table 3, columns 3 and 4) and 
the total soluble soil non-organic P and/or N (Table 4, columns 1 and 2) show that when the 
humic acid fraction is present in soils of a clay loam or laterite type more of the P is in a soluble 
form and that when the fulvic acid fraction is present in an alluvial and sandy loam soil, 
the P becomes more soluble (Table 4, column 3). More organic N is present in the humic 
fraction when it is present in sandy loam, black cotton or lateritic soils, whilst the fulvic 
acid fraction contains more organic N when present in alluvial or clay loam soils. Here again 
the haemetomelanic acid fraction is found to be non-interfering (Table 4, column 4). 
A study of the role of lime in releasing N and P from soils with or without organic 
matter show that at a pH of 7.0 to 8.0 a release of both N and P is always decreased by the 
addition of lime whether organic matter is present or not (Table 6), but as a pH of 5.0 to 
5.5 the release of N and P is always greater both from soils with and those without organic 
matter (Table 5), which is in unison with the findings of HARGITAI (1967). 
Amongst the various organic matter fractions it was found tha t when the humic acid 
fraction was present more extractable N and P was obtainable f rom most of the soil types 
(Table 5, columns 1 and 2). The extractable non-humic N and P (Table 5, columns 3 and 4) 
is less due to the absence of the effective organic matter fractions. By taking the difference 
between the total extractable (i.e. by the addition of organic matter fractions) and extract-
able non-organic (i.e. without the addition of organic matter fractions), the organic P and 
organic N can be obtained. It was found that the humic acid fraction contained more organic 
N and P (Table 5, columns 5 and 6). These results show that liming at pH 5.0 to 5.5 helps in 
releasing most of the fixed N and P part in soils. 
However, with the haemetomelanic acid fraction no observable improvement in the 
availability of N and P could be ascertained in either of the pH ranges. 
Prepared at the Department of Applied Chemistry, Calcutta University, Calcutta. 
О 
M. ADHIKARI, T . K . GANGULY 
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Table 5 
With Lime at pH 5.0—5.5 
Column l C o l u m n 2 
A v a i l a b l e soil P in 
m g m / 1 0 0 gms of soil in 
d i f f e r e n t organic matter 
f r ac t ions 
Extractable soil N in mgm/100 gms of soil in 
different organic m a t t e r fractions 
Soil Soil (O.M.F) + O.M. 
f r a c t i o n s + N. -f P + lime 




H u m i c F u l v i c Haemetomelanic 
H u m i c Fulvic T o t a l 




To ta l 
E x t d . 
N 
Dis t . 




Dis t . 
N H 3 - N 
1 2 3 4 5 7 8 9 10 
Kalimpong (0—15) 8.25 1.875 2.875 21.28 19.00 24.92 20.00 19.00 17.18 
Burdwan sandy loam (0 -15) 5.00 2.375 3.25 24.64 20.15 23.38 19.17 18.15 16.98 
B. sandy loam (15—30) 4.75 2.525 3.475 25.48 20.00 23.80 19.00 18.00 16.00 
B. loamy soil (0—15) 6.275 3.625 4.25 16.28 14.57 18.05 13.75 15.15 12.00 
B. loamy soil (15—30) 6.125 3.875 4.05 17.49 13.00 17.82 13.12 14.98 11.95 
Padegoan black soil (0— 30) 7.125 3.475 2.875 13.16 11.28 11.75 9.55 13.00 10.00 
Jalpaiguri soil (0—15) 8.475 2.375 3.025 29.39 26.30 26.18 22.02 20.00 17.00 
Jalpaiguri soil (15—30) 8.375 2.50 3.25 29.96 26.00 25.90 22.00 20.15 16.95 
Purulia laterite soil (0— 15) 8.375 4.75 4.05 10.91 7.00 11.84 10.85 7.50 5.68 
Table 6 
With Lime at pH 7.0 to 8.0 
16 2 3 4 5 6 7 8 9 
Kalimpong (0— 15) 2.75 3.375 1.875 17.50 15.00 14.98 12.00 16.07 
Burdwan sandy 
loam (0—15) 4.00 3.05 3.25 20.72 18.01 12.20 9.98 13.57 
Burdwan sandy loam 
(15-30) 4.25 2.75 2.80 20.00 18.00 12.00 9.00 13.00 
Burdwan loamy soil 
( 0 - 1 5 ) 2.50 2.55 2.525 11.57 8.50 11.00 9.05 9.57 
Burdwan loamy soil 
(15-30) 3.475 1.50 1.475 11.00 8.00 10.55 9.00 9.01 
Padegaon black soil 
( 0 - 3 0 ) 5.025 4.25 3.975 10.98 8.15 10.00 8.05 8.00 
Jalpaiguri soil (0—15) 3.70 4.70 3.375 18.75 16.02 15.50 13.00 17.95 
Jalpaiguri soil (15 — 30) 3.375 4.00 3.625 18.00 16.01 15.00 12.98 17.00 
Purulia laterite soil 
( 0 - 1 5 ) 3.625 3.675 3.375 6.02 3.05 4.00 2.01 3.55 
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Column Ii Column 4 Column 5 Column 6 
Avai lable 
soil non-
organic P in 
mgm/100 
gms of soil 
Extractable soil non-
humic N in mgm/100 gms 
of soil 
Organic P in mgm/100 
g m s of soil in different 
O.M. fractions. (Differ-
ence of column 1 and 
column 3) 
Humic N in mgm/100 
gms of soil in different 
O.M. f rac t ions . (Differ-
ence of column 2 and 
co lumn 4) 
SoU ( 0 . M. 
F.) + N + 
P + Lime 




Dis t . 
N H , - N 
Humic Ful vie 
H a e m e t o -
melanic Humic Fulv ic 
Haemeto-
melanic 
11 12 13 14 15 16 17 18 19 
1 . 7 5 0 18 .38 1 5 . 6 9 6 . 5 0 0 .125 1 . 1 2 5 2 .90 6 . 5 4 0 .62 
2 . 2 5 16.15 1 5 . 4 5 2 . 7 5 0 .125 1.00 8.49 7 . 2 3 2 .00 
2 . 1 2 5 17.92 1 7 . 7 2 2 . 6 2 5 0 .40 1 . 3 5 0 7.56 5 . 8 8 0 .08 
2 . 2 2 5 15.00 1 1 . 1 9 4 . 0 5 1.40 2 . 0 2 5 1.28 3 . 0 5 0 .15 
2 . 2 5 14 .21 1 0 . 5 9 3 . 8 7 5 1 .625 1 . 8 0 3 .28 3 . 6 1 0 .77 
2 . 7 5 11.06 9 . 2 5 4 . 3 7 5 0 .675 0 . 1 2 5 2 .10 0 . 6 9 1.94 
2 . 0 2 5 19.30 1 1 . 1 7 6 . 4 5 0 .35 1.00 10.09 6 . 8 8 0 .70 
2 . 1 2 5 20 .00 1 0 . 5 5 6 . 2 5 0 .375 1 . 1 2 5 9 .96 5 . 9 0 0 .15 
3 . 8 7 5 15 .90 1 3 . 0 4 4 . 5 0 0 .875 0 . 1 7 5 5 .01 5 . 9 4 1.60 
10 
и 12 13 14 15 16 17 18 19 
1 5 . 0 0 1.75 1 4 . 0 0 12.35 1 . 0 0 1.625 0 . 1 2 5 3 .50 0 . 9 8 2 .07 
1 1 . 0 0 2 .975 1 1 . 1 9 9 .97 1 . 0 2 5 0 .075 0 . 2 7 5 9 . 5 3 1 . 0 1 2 .38 
1 0 . 9 2 2 .625 1 0 . 9 7 9 .00 1 . 6 2 5 0 .125 0 . 1 7 5 9 . 0 3 1 . 0 3 2 .03 
7 . 5 0 2 .00 9 . 0 5 7 .00 0 . 5 0 0 .55 0 . 5 2 5 2 .52 1 .95 0 .52 
7 . 0 2 1 .375 8 . 0 0 6 .92 2 . 1 0 0 .125 0 . 1 0 3 .00 2 . 5 5 1 .01 
6 . 9 8 3 .75 6 . 9 5 4 . 0 5 1 . 2 7 5 0 .50 0 . 2 2 5 4 . 0 3 3 . 0 5 1 .05 
1 4 . 0 0 2 .125 1 4 . 5 8 12.00 1 . 5 2 5 2 .575 1 . 2 5 4 .17 0 . 9 2 3 . 3 7 
1 4 . 9 8 2 .00 1 4 . 5 5 11 .75 1 . 3 7 5 2.00 1 . 6 2 5 3 .45 0 . 4 5 2 .45 
3 . 0 0 3 .25 2 . 9 2 0 .90 0 . 3 7 5 0 .425 0 . 1 2 5 3 .10 1 . 0 8 0 . 6 3 
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MORPHOLOGICAL VARIATIONS AND H E R B I C I D E SENSITIVITY 
O F CONVOLVULUS ARVENSIS L. IN THE W I N E DISTRICT OF MÓR 
In the course of a s tudy on the weed biology of vineyards special a t tent ion was paid 
to an important weed species: the convolvulus. The question was dealt with according to 
the following aspects: 
a ) convolvulus, as the most impor tan t weed of vine, 
b) the rich morphological variability of convolvulus, 
c) convolvulus and the herbicides. 
Convolvulus is dealt with by the botanical literature from vastly heterogeneous, 
though rather diversified aspects. In Hungary — and even when compared to the foreign 
literature — it is Soó's work (1968) that tries to make a synthesis of the most characteristic 
variants of this species. 
At the beginning of the experiments the chemical control carried out in vineyards 
was referred to as the "Convolvulus problem". This much discussed problem remained an 
open question for years, and has been and is even today — connected with a highly signifi-
cant group of problems. Of them the most important ones are: the life form of weed plants 
(G3), the properties and range of the herbicides applied, the composition of the weed flora 
on the areas studied, soil conditions, low doses applied initially on the basis of wrong sugges-
tions made by the manufacturers (triazines) (the latter circumstance may par t ly have been 
responsible for the phenomenon of a passive and a supposed active — resistance in the 
weed plant in question, which have been discussed — and in many cases wrongly inter-
preted in various lectures, publications and papers); the t ime and method of application, 
abiotic factors, etc. 
The author first began to study the morphological variations of Convolvulus arven-
sis L. in 1959 1961 in "selected Convolvulus populations" developed on areas treated with 
triazine-type herbicides (Kiss 1964). Between 1962 and 1971 the morphological richness of 
convolvulus was studied on areas not t reated with herbicides, in original weed populations of 
vineyards too (Kiss 1970). 
Morphological variations of the species. In the course of the investigations climbing 
(volubilis Pohl 1810) and prostrate (var. prostratus Opiz 1841. Rouy 1908) forms were encoun-
tered without exception in vineyards grown on lime covered chernozem soil formed on loess, 
on skeleton, rocky and sandy soils, on mobile sand, dark lithomorphic forest soil, on the 
brown forest soils of Central- and South-East Europe, etc. 
Characteristic leaf shapes: egg-shaped-ellyptic, with rounded shoulders (oblongifolius 
J . Murr. 1905), Vénhegy, Koronahegy. Babker t , Terézia, Márkushegy, Árpádhegy, Kantó-
kúti, Szőkehegy, vine-hill at Pusztavám, Kopaszhegy, Krisztinahegy at Csókakő, Arany-
hegy, Kotlókúti. the New Vineyards at Sőréd, Tóhelydomb, Öreghegy at Csákberény, Grá-
nási hill. Szessziós vineyards. Beside the characteristic leaf form mentioned there was a 
significant occurrence of the so called oval (ovato-ellyptic Mág. D. 1917) form in the former 
vineyards as well as in those at Vargakút, Tábor-, Öröm- and Remény hills, Kőhalom, Kert-
alja, Kálvária, Dávidhegy, Kantókút. 
Other characteristic leaf forms are: heart-shaped ovate (f. hastifolius Lach 1829), 
lanceolate, sometimes with auricle (f. sagittatus Opiz 1841. Mág.-D. 1917. sagittifolius Fisch. 
1810. Lasch 1829), linear lanceolate, sometimes with an auricle (f. elatior Gortani 1903), 
lobate with dentate auricles (f. denticulatus Opiz 1841). 
Hairy leaf-type: (f. pubescens-, f. villosus Lej. 1813, Bolle 1865), on areas listed above. 
Position of flowers on the stem: singly (uniflorus Opiz 1841), in twos (biflorus Opiz 
1841), in groups of 3—5 (f. multiflorus Opiz 1841), on the areas listed. 
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Colour of flowers: white or pale pink (leucanthos Opiz 1841, roseus Opiz 1841), inten-
sive pink (purpurescens Tacik 1963), with a purple crown or pale streaks in the throat of the 
corolla (coronatus T rau tm. 1936, radiatus Soó 1966), corolla at the throat reddish with purple 
spots (punclatus Kiss 1968 Vénhegy!). 
The form of the corolla: funneliform, round, entire pentagonous (f. pentagonus Soó 
1966), corolla indented (f. emarginatoides Soó 1967), deep, widely triangular lobes (f. tri-
angularis Soó 1966). 
Convolvulus and herbicides used in vineyards. Susceptibility to herbicides in this weed 
species was studied in three ways: 
1. by treating seedlings, 
2. by treating plants at various stages of development, 
3. in "time var ia t ion" experiments. 
1. Convolvulus seeds collected in the year preceding the experiments, stored adequate-
ly and sown in spring into the vine rows at a depth of 2 — 2.5 cm germinated very well and 
began to grow. (Weed seeds getting deeper during soil cultivation maintain their germina-
tion ability for years.) 
From the beginning of germination to the 4—8-leaf stage of the climbing stem (29 — 36 
days after sowing) the convolvulus was found extremely reactive to all herbicides applied. 
Even a tenfold dilution of farm-scale doses caused a complete destruction at this 
stage of the growing convolvulus. Convolvulus and other weed seedlings showed a similar 
reaction to the different mechanical interferences (raking, scuffling, hoeing, use of cultivator, 
etc.) too. By raking an area regularly every 16—18 days we were able to keep the so called 
cultivation control plots practically weedless over 70—80 days. 
2. The developed weed plant of Convolvulus arvensis L. showed in many cases a 
significant morphological resistance to the farm-scale doses of various herbicides. The term 
"morphological resistance" is considered relevant as for example in the case of the root 
herbicides applied no "developed" resistance should be supposed to exist; i t is the morpholog-
ical, potential, locational and constitutional conditions of the weed plant in question that 
have to be taken primarily in consideration. Soil conditions (humus content, clay content, 
adsorption complex, impermeability, etc.) as well as precipitation and temperature can be 
regarded as the most important influencing factors. Thus the question has to be studied from 
the aspect of the dynamism of biotic and abiotic factors. 
The remarkably high "virulence" of Convolvulus arvensis L. originates in all probability 
f rom the fact that i ts roots penetrating as deep as 2—3 m into the soil are able to satisfy 
the water and nutr ient requirements of the plant even in periods of permanent drought. 
The root system possesses innumerable adventitious roots which when broken up by soil 
cultivation — rapidly propagate. 
The twining stem growing on the soil surface, ëven if temporarily destroyed by chem-
ical or mechanical weed control, with the inactivation of the herbicide — or through re-
generation — develops a new twining stem often in the same year. A similar phenomenon is 
encountered in the case of applying translocating or burning chemicals. However, some 
successful herbicide combinations are able to retain the development of convolvulus even 
for a whole vegetation period. 
3. "Time var ia t ion" experiments. Some ten years ago we recognized how important 
i t is to determine the time when the different doses of herbicides have an influence on the 
various weed species and their aspects. In order to s tudy this question experiments were 
carried on for years with 3 — 4 replications, in which every three weeks from March on new 
treatments of identical dose were made. So our experiments were carried on throughout the 
whole year. We were able to follow with attention the susceptibility of the weed plant from 
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germination to the ripening of the seeds. The phenological development phases of the most 
important species could be compared in relation to several years. It was in this way that 
an acceptable foundation was laid down in some highly important questions. 
These important experiments resulted in a solution found to suppress such a "dif-
ficult weed" as the convolvulus. According to the results of the experiments, in the case of 
the autumn application of Hungarian Hungazins, traditionally cultivated close spaced vine-
yards with medium heavy and heavy soils can be kept free of weeds for 3—4 years by 15—20 
kg/ha applied (after a preparatory deep soil cultivation). No injuries can be observed on the 
vines, their development is unobjectionable, and above all spring work peaks can be con-
siderably reduced, so the control operations remain within the limits of economicalness. Our 
results gave full evidence of the fact that the winter period did not considerably decrease 
the inactivation of the Hungazins. These investigations resulted in the remarkable finding 
that in high-cultivation Moser-cordon vineyards (and in other wide spaced vineyards too) 
some herbicides can be efficiently used against convolvulus if the treatments are performed 
at the stage of flowering. 
On the basis of our experiments the herbicides used in vineyards can be grouped 
— with the more important ones emphasized — according to the following: 
A) Root herbicides 
1. Triazine derivatives. Hungazin P K (50 per cent Aktinit PK = chloro-ethyl-amino-
isopropyl-amino triazine) (Atrazin, Gesaprim); Nikezin PK (50 per cent Aktinit PK); Aktikon 
(90 per cent Aktinit PK). The necessary doses of all three chemicals are determined by the 
quality of the soil and the composition of the weed flora. Efficiency is considerably influenced 
by the weather conditions. Adequate doses of preparations containing 50 per cent active 
agent range between 6 and 16 kg/ha, while of those containing 90 per cent active agent are 
4 — 8 kg/ha. In the case of autumn application to impermeable soils 20 kg/ha was used effi-
ciently of preparations containing 50 per cent active agent. Autumn application of triazines 
to sandsoils is not recommended. 
Hungazin DT (Aktinit DT 50 per cent = chloro-bis-ethyl-amino triazine) (Siinazin, 
Gesatop); Nikezin DT (50 per cent Aktinit DT). Owing to their relatively low solubility both 
preparations are recommended primarily for sandsoils, in doses of 5 — 6 kg/ha. 
2. Carbamates. Telwar = Monuron = SMTJ (80 per cent chloro-phenyl dimethyl-
carbamide). It was widely used in the United States and France. In our investigations it 
showed acceptable results thus in no case was it excluded from the experiments. 
Aresin (50 per cent monolinuron = chloro-phenyl-metoximethyl-carbamide). It is a 
herbicide preparation of wide range. Vine shows adequate tolerance to it even when young. 
Therefore it can be used for the chemical weed control of vine nurseries. On sandsoils 10 
kg/ha while on heavy soils 15 kg/ha proved to have a sufficient weed killing effect on con-
volvulus. 
Afalon (50 per cent linuron = di-chloro-phenylmetoxi-methyl-carbamide). Using the 
same doses it was proved to be more efficient than Aresin in all experiments. Can similarly 
be used in vine nurseries. I t was found to exercise a satisfactory effect on convolvulus. 
When using either Aresin or Afalon we found that their range of action considerably 
exceeded that of the triazin derivatives. They proved efficient against rhizomatic weeds and 
convolvulus both in small plot- and farm-scale treatments. Their only disadvantage is their 
having a shorter than necessary weed killing effect which does not last to the end of the 
vegetative period. 
3. Benzonitryl derivatives. Prefix granulate (7.5 per cent chloro-thiamide = dichloro-
thiobenzamide). Using a dose of 150 kg/ha showed a good weed killing effect lasting for 65 — 70 
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days both in genuine (not yet treated with herbicides) and "selected" convolvulus popula-
tions. I ts farm-scale application is suggested to be carried out with a YlCON-type fertilizer 
distributor. 
B) Contact herbicide preparations 
Regarding their action mechanism they can be called scorching preparations. 
Gramoxone (25 per cent paraquat-dichloride = dimethyl-dipiridyl). The preparation 
is used as a solution of 0.4—0.5 per cent. Its dose is 4—5 liter per hectare. In the course of 
the treatment the weeds wither in a few hours; perennial weeds develop a new growth within 
14—16 days. According to our observations the weed killing effect is of a somewhat longer 
duration than in the case of mechanical weed control. In Moser-cordon- and other wide spaced 
vineyards the means of application is the "Gramospray 4239" row spraying frame drawn 
by the special UE-28-, MTZ-, Super Zetor-50-, etc. tractors. During a vegetative period 3 — 6 
row treatments are performed, so the amount and cost of application are reduced to one-
third. The latter applies to all row and strip treatments performed in vineyards. 
C) Combined herbicide preparations 
Numerous foreign herbicide combinations have been tested for years in our vineyards. 
Of them only a few are mentioned here, without any detail given as to their composition: 
Saminol A-1089, Domatol-A-1089, Domatol SW-A-2086, Campaprim A-1544, Semparol-A-
1167, Vinipan, etc. All the herbicide combinations mentioned also contain components of 
hormonal effect; among them there are excellent preparations against convolvulus too. 
Afalon Special H 2839 ( = linuron -[- monolinuron) (50 : 50 per cent). I t is considered 
to be an excellent herbicide combination of wide range of action for vineyards. I t keeps the 
vineyard free of weeds throughout the vegetative period. It has been efficiently used on 
areas covered by convolvulus too, at doses of 14—15 kg/ha on medium heavy soils. 
Buvinol (25 per cent PK -+- 25 per cent Klorinol). It is a well proved Hungarian her-
bicide combination. Its range of action is equal to any of the herbicides mentioned. Its moder-
ate price makes its large-scale application possible. Its nation-wide acknowledgement as a 
vine herbicide is increasing. The suggested doses range between 10 and 18 k'g/ha, depending 
on the permeability of the soil. Convolvulus is efficiently suppressed by the usual spring 
(March, April) application, hut with an adequate technology can be successfully used at the 
stage of flowering as well. 
Prepared in the Agrochemical and Viticultural Laboratory of the Mór State Farm, Mór. 
Á. Kiss 
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E F F E C T O F P L O T S I Z E O N T H E R E L I A B I L I T Y O F T H E E X P E R I M E N T 
In plant breeding the field experiments are aimed at testing the productivity of the 
different strains. The reliability of the experiment is influenced by many factors. As in many 
cases only small quantities of seed are available for the breeder which are not sufficient for 
starting large plot experiments, he has to know the minimum plot size and number of replica-
tions by which reliable and possibly full value results can he obtained. 
According to SVÁB (1967) the plot size depends on the homogeneity of the soil. In Hun-
gary the breeders generally lay out comparative trials with 4 — 6 replications on plots of 12 — 20 
m2 each. For cereals I'SÓ— BERZSENYI-JANOSITS (1961) suggest the lower limit of the plot 
size to be 2 — 4 m2. To study the agronomic characteristic of wheat "A" strains RAJKI (1964) 
and BALLA (1970) even used plots of 0.5 m2, in four replications. 
In the Soviet Union comparative trials are performed oil 100 m2 plots in 4 — 6 series 
(MOLOSTOV 1966). DOSPEHOV (1968) considers 10—40 m2 plots suitable for experiments per-
formed with 4—6 replications while mentioning that many breeders use as small plots as of 
0.5—2.0 m2 if they have not enough seed. 
SMITH (1938) suggested to use p lo t s of 0.45 m2, whi le ELLIOT et al. (1952) 2.5 m long 
plots with 4 rows spaced at 30 cm for the evaluation of the basic breeding material. Accord-
ing to FREY (1965) hill plots can be efficiently used for studies on the early generations of 
cereals, however, the final evaluation of strains must be carried out in row plots. He does 
not give the dimensions of the row plots. In the case of a lack of space, low quantity of seed 
(early generation, hybrid wheat) or cost reduction JENSEN—ROBSON (1969) suggest the use 
of miniature linear hill plots at the rate of 1 g of seed per row. 
On a given area the reliability of the experiment increases and the variability of yield 
decreases when the plot size is increased (MOLOSTOV 1966, SALMON—HANSON 1970). The 
plot size depends on the level of mechanization too. Large plot experiments are more like 
large-scale wheat growing (DOSPEHOV 1968). Several authors (ROEMER 1939, MUDRA 1958, 
KUDRYAVTZEVA 1959, DOSPEHOV 1968) arrived at the conclusion that the higher number 
of replications had more to do with the reliability of the experiment than the larger plot size. 
Since the researchers' opinions about the plot size are different we thought it reason-
able to study this problem under Hungarian conditions in detail, mainly in consideration 
of the efficiency of breeding work. 
Accordingly we studied the correlations between 
a) plot size and reliability of experiment; 
b) yield data of various size plots. 
Our experiments were carried out at the Agricultural Research Institute of the Hun-
garian Academy of Sciences, Martonvásár in 1970 and 1971, with 17 improved strains and a 
control variety (Bezostaya 1). The soil was a medium heavy loam in good condition. Peas 
with sunflower were grown as a forecrop. Fertilizers of N120, P,00, K80 active agent content 
per hectare were applied a year. Seed grains were sown each year into a carefully prepared 
soil, at an optimum time (5 — 8 October). 
The experiments were carried out with three plot sizes: 
1. large plot 15.6 m2 
2. small plot 5.0 m2 
3. micro-plot 0.5 m2 
In plots 1. and 2. seeding rate of 550 — 600 germinable grains/m2 was used, which 
is also used in practice. In the micro-plots 80 grains were sown with a spacing of 10x5 em, 
which is somewhat less than the standard amount of seeding rate. In the large plot experi-
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ments 13, in the small plot ones 6 and in the micro-plot experiments 4 rows were sown per 
plot. The first two treatments were sown mechanically, the third by hand, in a random 
block design with six replications. The features of the experiments correspond to those used 
at our Institute with strains А, В and C. 
The weather conditions were favourable for wheat production. To determine the 
reliability of the experiment the following parameters were employed. Significant difference 
(S.D. %) for which we accepted the internationally used P: 5% as the probability level of 
statistical evaluation. Variation coefficient (CV °0) generally acceptable between 6 and 14 
Fig. 1. Relationship between plot size and significant difference in experiments with dif-
ferent numbers of replication. Martonvásár, 1970—71 
per cent (SVÁB 1967). If the value of the variation coefficient is below 10 per cent the varia-
tion is low, between 10 and 20 per cent it is medium, while above that high (DOSPEHOV 1968). 
Error of mean value (Sx %). In field experiments if the value of Sx is 1 — 2 per cent, the 
result is excellent, 3 — 5 per cent is good, 6 — 7 per cent satisfactory (DOSPEHOV 1968). The 
closeness of correlation, its significance is expressed with the correlation coefficient (r), while 
the regression correlation with a linear regression equation (Y = a + bx). 
The experiments were successful in both years, however, in 1971 the parameters gave 
evidence of a higher reliability with plot sizes 1. (15.6 m2) and 2. (5 m2) (Table 1). With plot 
size 3. (0.5 m2) relatively modest results were obtained both in 1970 and 1971. The above 
told are also confirmed by the data of the diagram. 
Of the experiment types employed the large plot experiment is considered the most 
reliable, therefore the reliability of the small- and micro-plot experiments can be judged 
by a comparison to the large plot experiment. In the large plot experiments the values of 




Number of repl icat ions 
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Table 1 
Changes in the values of SD 5%, SX % and CV % as a function of the number of replications 
and plot size (in the per cents of values) 
Plo t size Year Indices 
N u m b e r of replications 
2 3 4 5 6 
l 1970 SD 5% 15.8 12.9 11.2 9.7 6.7 
1971 SD 5% 8.5 6.8 5.2 4.1 4.4 
1970 Sx % 4.6 3.8 3.3 3.0 2.3 
1971 SV % 3.0 2.5 1.9 1.5 1.9 
1970 CV % 6.5 6.8 6.6 6.9 5.5 
1971 CV % 4.2 4.4 3.8 3.6 4.7 
2 1970 SD 5% 25.3 21.9 20.0 16.5 13.7 
1971 SD 5% 12.3 10.1 7.1 9.6 — 
1970 s v % 9.1 9.8 6.0 1.5 1.2 
1971 SV % 3.8 3.4 2.7 3.4 — 
1970 CV % 13.1 10.9 11.7 11.2 10.1 
1971 CV % 5.7 5.8 6.0 7.5 — 
3 1970 SD 5% 47.3 42.0 32.1 30.9 27.7 
1971 SD 5% 63.5 53.6 45.0 44.0 38.0 
1970 4x 0 OX /Q 12.1 11.0 9.6 8.7 7.6 
1971 SV % 18.1 15.3 13.4 11.8 11.8 
1970 CV % 17.3 19.7 19.6 19.7 18.8 
1971 CV % 25.9 26.2 26.1 27.3 27.3 
to those obtained in the previous year, while the values of small- and micro-plot experiments 
were higher than those, so they may give more reliable results in other years. 
When examining the reliability of the small-plot experiment we find t h a t the SD 
value attained in it with five replications could be attained in the large plot experiment 
already with two replications. Values showing the reliability of the experiment are still higher 
— tha t is: worse — in the micro-plot experiments. I t can be established that — in the range 
of plot sizes studied — with an increase in the plot size the variability of yield decreases and 
the reliability of the experiment increases. The values of SD and Sx percentage show similar 
trends, while the CV % decreases up to the fourth replication, then slightly increases, which 
can be attributed to the heterogeneity of the soil. It must be noted that the higher SD value 
in the small- and micro-plot experiments is to some extent counterbalanced by the fact that 
in these experiments there was a greater difference between the varieties. 
Thus, within the range of the plot size studied, the reliability of the experiment can be 
improved by an increase in the number of replications. According to our data, taking a six-
replication experiment as a basis, when the unit plot size (0.5 m2) is increased tenfold and 
thir ty one-fold, the reliability of the experiment will he 2.08-times and 4.13-times as high 
as before, respectively. In experiments with two and four replications, respectively, the 
increase of reliability shows similar trends (Table 2). 
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Table 2 
Trends in the reliability of the experiment (SD °/0) as a function of plot size and number of 
replications 
Relative number 
P lo t 
size between 
plot sizes 
in the case of between 
m a 2 4 6 2 2 - 4 4 - 6 2 - 6 
repl icat ions, according to t h e plot size replications 
0.5 1.0 100 100 100 100 147 115 171 
5.0 10.0 186 160 208 100 126 145 184 
15.6 31.2 299 286 413 100 141 167 235 
Table 3 
Correlations between results obtained with different plot 
sizes 
Year P lo t size r ra a ь 
1 - 2 0.828*** 0.685 0.55 0.19 
1970 1 - 3 0.407° 0.165 5.97 1.56 
2 - 3 0.488* 0.238 1.62 8.08 
1 - 2 0.560** 0.313 1.63 0.12 
1971 1 - 3 0 .178 N S 0.031 0.12 0.01 
2 - 3 0.698*** 0.487 — 0.04 0.07 
*** significant at 0 .1% level 
** significant at 1.0% level 
* significant at 5 .0% level 
0 significant at 10.0% level 
non significant 
If we increase the number of replications from two to four (twofold), the reliability 
of the experiment will increase 1.2—1.5-fold, and when we increase it f rom to six (three-
fold), the reliability of the experiment will be 1.7—2.3 times as high as before, depending 
on the plot size. 
On the basis of the data obtained in the years examined reliable correlations were 
found between the yield data of plot size 1. and 2. as well as of plot size 2. and 3. Between 
the yield data of plot size 1. and 3. there was no significant correlation (Table 3). 
This shows tha t the 15.6 m2 plots satisfy all the demands of the breeders. Apart from 
their giving reliable results, they are completely mechanizable from sowing to harvesting. 
However, such six-replication experiments require some 4.5 — 5 kg seed grain. 
Besults obtained in 5 m2 plots with six replications were also fairly reliable. The higher 
SD value is more or less counterbalanced by the greater difference between the varieties. 
According to the results of several years trials the value of SD can be reduced to 8 - 1 0 % 
by improved cultural practices. Therefore, if the breeder has 1.0—1.3 kg seed grain at his 
disposal, this experiment is recommended. 
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The value of the 0.5 m-' micro-plot experiments is disputable. The high SD value is 
not counterbalanced by any greater difference beUveen the varieties, and the evaluation 
of the data is made difficult by a border effect too, therefore this type of experiment is 
recommended only in such cases when no more seed grains are available and optimum con-
ditions can be ensured for wheat growing. 
In the micro-plot experiments much care must be taken when selecting on the basis 
of the yield, as indicated by the values of significant difference, Sx % and variation coef-
ficient, on one hand, and by the lack of correlation between the yields of large- and micro-
plot experiments, on the other. 0.5 m2 plots are most reasonably used for the yield compari-
sons of early generations, or for hybrid wheat experiments where in most cases very small 
amounts of seed grains are available for the breeder. Careful work is of great importance, as 
the loss of but a few plants influences the yield of the plot to a great extent, increases the 
scatter, the value of the variation coefficient, the significant difference — in one word, impairs 
the correctness of evaluation. 
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P H Y T O C H E M I C A L S T U D Y O N F E R U L A M A R M A R I C A ROOTS 
Poisonous plants when eaten by animals cause harmful effects which in some cases 
may lead to death. Such plants are mostly distributed in fields, waste grounds and deserts. 
These plants therefore may cause economical losses in the animal wealth leading to 
decrease in both production (meat, milk, wool and skin) and reproduction. 
Among these poisonous wild plants is Ferula martnarica that belongs to the family 
U m b e l l i f e r a e (TÄCKHOLM et al. 1954, MONTASER — HASSIB 1 9 5 6 ) . 
Much work has been published on other Ferula species grown elsewhere (ALLPORT 
1943, WILLIS 1951, WARM 1956) but nothing was recorded on Ferula marmarica. 
The prevalence of this plant in the Egyptian western desert and the possibility of 
producing toxicity in farm animals especially sheep, suggested the studying of i ts chemical 
constituents. 
Ferula marmarica plants were collected during January 1968, west of Alexandria, at 
176 km along the desert coastal road from the area extending between the desert highway 
and the railway. 
The plant was divided into its different parts , each part was air dried, separately ground 
and preserved for further investigation. 
The determination of different properties was carried out ou the roots according to 
the Egyptian Pharmacopoeia 1953, (AOAC) Official methods of Analysis 1955, and PAECH — 
TRACEY ( 1 9 5 6 ) . 
Overall characters of Ferula roots. The roots were found to have a total moisture 
content of 77.77%, relative moisture of 2.66%, ash content of 12.68%, acid insoluble ash 
of 2.47%, total nitrogen of 0.94%, crude protein of 5.88%, crude fibres of 14.24%, and nitro-
gen-free compounds of 56.87%. 
On extraction with successive solvents, the percentage of residue after distilling off 
the solvent was 7.67% with petroleum ether, 0.44% with diethyl ether, 0.64% with chloro-
form and 8.56% with ethyl alcohol. No crystalline compounds were obtained in the dif-
ferent extracts. 
The roots were found to contain sterols, reducing substances, carbohydrates and/or 
glucosides, resins and saponins. 
Chromatographic screening of the root extract . A paper chromatographic technique 
was employed for the screening of the crude alcoholic extract of the root using different rea-
gents in spraying the developed chromatograms for qualitative aspects of the colour to help 
in identification. 
After the development of chromatograms in different solvents such as n. butanol : 
glacial acetic acid : water ( 4 : 1 : 5 ) according to SMITH 1962, one paper was sprayed with 
ninhydrin which was prepared according to the technique described by LEDERER — LEDERER 
(1957) and SMITH (1962) for identification of amino acids. 
Another paper was sprayed with Dragendorff 's reagent modified by adding tartaric 
acid in place of acetic acid for detection of alkaloids. 
A third paper was sprayed with aniline for detection of sugars. 
The fourth paper was exposed to iodine vapour for identification of unsaturated com-
pounds. 
Another set of Whatman No. 1 papers were developed in n. butanol : pyridine : am-
monia 3% (7 : 3 : 10). The first paper was impregnated with 10% antimony trichloride in 
chloroform then dried at 105°C for 3 minutes for detection of glucosides, the second one 
was sprayed with a saturated solution of 2.4-dinitrophenyl hydrazine for detection of ketonic 
compounds according to VEIBEL STIG (1954) and the third paper was exposed to ammonia 
vapour and examined in day and ultraviolet lights according to BLOCK et al. (1955) for detec-
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Fig. 1. Paper chromatographic of t he alcoholic extract from Ferula marmarica root (1. amino 
acids, 2. free sugars, 3. unsaturated compounds, 4. phenolic compounds, 5. glycosides, 6. sterols) 
t ion of flavonoids. A fourth paper was used for the detection of phenolic compounds by spray-
ing with ferric chloride. 
Another set of Whatman No. 1 papers were impregnated with 10% liquid paraffin in 
benzene and developed in glacial acetic acid : liquid paraffin : water ( 9 : 2 : 1 ) , then dried 
and impregnated wi th 10% antimony trichloride for detection of steroidal compounds. 
From the illustration of the chromatographic screening (Fig. 1) i t can be observed 
t h a t the alcoholic extract of the root may contain 6 spots of amino acids with Ry-value 0.24, 
0.30, 0.37, 0.43, 054 and 0.80 respectively; one spot of free sugar of Ry-value 0.31; three spots 
of glycosides with Ry-values 0.12, 0.23, 0.87 respectively; a spot of sterol Ry-value 0.26; two 
spots of phenolic compounds with Ry-value 0.59 and 0.83 respectively; and two spots of 
unsaturated compounds with tailing having Ry-value 0.18 and 0.35 respectively. 
No alkaloids, ketones or flavonoids could be detected. 
On screening the shoot, it was observed tha t i t contained one glucoside. 
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Crystalline compounds from the root of Ferula marmarica. During the different trials 
of extractions with different solvents, a crystalline compound was isolated in benzene. Extrac-
tion: 200 g of the air dried root powder were extracted with benzene in the continuous extrac-
tion apparatus for about 18 hours unti l complete exhaustion. The residue was dissolved in 
the least amount of dry benzene and lef t at room temperature where a precipitate appeared. 
The benzene layer was decanted and the precipitate was washed several times with cold 
benzene and dried. 0.787 g of yellowish crystalline substance of granular appearance was 
obtained. 
Characters of the crystalline fraction of benzene extract from Ferula marmarica. 
I t was found that the compound had a crystalline form and a bitter taste, giving a positive 
reaction with Lieberman test and a negative with Molisch's test. It did not reduce Fehli.ig 
solution, but reduced potassium permanganate in both acid and alkaline media. It gave a 
positive reaction to ketones with 2.4-dinitrophenylhydrazine and sodium nitroprusside tests 
indicating that it may contain a carbonyl group, bu t negative reaction with both ferric 
chloride solution and Wagner's reagent. Moreover, it did not reduce ammoniacal silver nitrate. 
Charring occurred when treated with sulphuric acid bu t no change occurred either with 
sodium hydroxide or with 1 N. hydrochloric acid. The test with magnesium turning for 
flavonoid was also negative. 
The compound was soluble in hot ether, petroleum ether, chloroform, ethyl alcohol, 
benzene, methyl alcohol, acetone and pyridine but not in the cold solvents. I t was insoluble 
in both hot and cold. 
The melting point of the crude extract was 79—82°C. On re-crystallization in diethyl 
ether, the crystals had a melting point of 83—85°C. 
The sodium fusion test revealed t h a t the compound did not contain nitrogen, halogen, 
or sulphur and the test for phosphorus was also negative. 
A microanalysis of the compound revealed tha t i t contained C: 77.10 and H: 9.11. 
The molecular weight of the compound was 328.9 with a calculated molecular formula 
of C21H30O3. I t was named "Marmarin". 
The ultraviolet spectrum of the substance determined in a sp. 700 spectrophoto-
meter (Unicum, Instruments Ltd.), (Fig. 2) showed maximum absorption a t 284.9 m/< and 
this confirms tha t it is an aromatic compound. 
The infrared spectra were determined in an I. F. Beckman model I .R.4, Range 1—15 //. 
The graph showed a characteristic band of the ketonic group at 5.75 p and substitution 
bands at 7.5—8, 8.4—9, and 9.4—9.8 fi, whereas at 10—11 fi a characteristic band of the 
aromatic group and its substitution a t 13.3—14.2 /( as shown in Fig. 3. 
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Fig. 2. Ultraviolet absorption curve of crystalline compound from Ferula marmarica root 
Wave Length,( Microns ) 
Fig. 3. Infrared spectrum of the separated crystalline compound from Ferula marmarica root 
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TYPES OF INDUCING HAPLOID EMBRYOIDS 
AND PLANTS FROM IN VITRO ANTHER CULTURES 
Since the results obtained by GUHA— MAHESHWARI (1964) many authors have suc-
ceeded in raising haploid plants f rom anther cultures (HESZKY 1971). Haploid callus- and 
embryoid formation could be induced from the anthers of gymnosperm and angiosperm 
(dicotyledon, monocotyledon) plant species and of their hybrids too. Both literary and our 
own results show tha t there are different ways of producing haploid plants from anther cul-
tures, which the researchers have described partly separately. On the basis of results obtained 
in the last several years the paper tries to summarize and outline the possible types of induc-
ing haploid embryogenesis, emphasizing the easiest and most reliable methods available for 
plant breeding and genetic research. 
Development processes other than sporo- and gametogenesis, with some species in 
situ, with others in vitro, are summarized in Table 1 together with the plant species examined 
and the authors describing them. The table shows that there are different ways of producing 
haploid plants from anther cultures, as confirmed by the investigation results of the last years. 
Figure 1 presents the possible ways of haploid embryo- and plant induction as well 
as the development processes differing from the sporo- and gametogenesis. The numbers 
shown in the figure refer — besides the caption — to the numbers in the first column of 
Table 1. 
In plant species belonging to the family Liliaceae the macrogametophyton develop-
ing from the microspore mother cell (Fig. 1/1—3) can generally be observed in situ. This 
process proves that the development of microspore mother cells does not always result in 
microspores. I t is partly due to this fact that in the anthers of Nicotiana tabacum — partly 
in situ, partly in the first week following isolation — there can be found embryoid formations 
consisting of 6 - 1 6 cells. According to HESZKY -PAÁL (1972) this process is the result of 
the haploid cells produced during the sporogenesis becoming embryonary under the influence 
of the biologically active substances of the anther tissues (Fig. 1/21 — 22 — 23). 
Another — similarly callus-free form of haploid embryoid induction is the develop-
ment of the embryoid from the multicellular pollen grain (Fig. 1/12 — 13 — 14 — 23). Develop-
ment of multinuclear pollen grains in the isolated anther indicates disturbances in the gameto-
genesis (Fig. 1/4); cell-walls formed around the nuclei are responsible for the appearance 
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Possible ways of microspore development in anthers of various plant species 
;rence n u m b e r P a t h w a y s of microspore deve lopment I P l a n t species A u t h o r 
of Fig. 1 
1 - 3 pollen-embryo-sac from microspore 
mother cell (in situ) 
Hyacinthus orientális 
Leptomeriu billardieri 
STOW 1934, GEITLER 1941 in MAIIESH-
WARI—RANGASWAMY 1965, RAM 1959 
4 iuultinuclear pollen grain from 
microspore in ganietogenesis (in 
vitro) 
Trillium ereclum SPARROW— POND— KOJAN 1955 
2—6 hypertrophic pollen grain from pollen 
grain (in vitro) 
Nicotiana tabacum 
Lolium X Fesluca hybrid 
NAKATA—TANAKA 1968, HESZKY— 
PAÄL 1972, NITZSCHE 1970 
2 - 8 - 9 haploid callus induction from germi-
nating pollen grain (in vitro) 
Gingko biloba TULECKE 1953, 1957 
18 - 1 9 — 2 0 - 2 3 haploid callus and plant from 
microspore in sporogenesis (in 
vitro) 
Nicotiana tabacum NAKATA—TANAKA 1968, HESZKY— 
PAÁL 1972 
1 5 - 1 6 - 1 7 - 2 3 haploid callus and plant from 




Lolium x Festuca hybrid 
GUHA— MAHESHWARI 1964, NIIZEKI— 
OONO 1968, NISHI—MITSNOKA 1969 
NITZSCHE 1970 
21—22—23 embryogenesis induction from hap-
loid cell, without callus formation 
(in vitro) 
Nicotiana tabacum NAKATA—TANAKA 1968, NITSCH— 
NITSCH 1969, SUNDERLAND—WICKS 
1969, MALIGA— SZILÁGYI 1971, HESZ-
KY—PAÁL 1972 
1 2 - 1 3 - 1 4 - 2 3 haploid embryo and plant from mul-
ticellular pollen grain (in vitro) 
Datura stramonium GUHA—MAHESHWARI 1966, 1967 
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Sporogen tissue 
Fig. 1. Possible ways of in vitro microspore development in anthers of various plant species 
[1. pollen mother cell; 2. pollen grain (mature); 3. pollen-embryo-sac; 4. multinuclear pollen 
grain; 5. shrivelled pollen grain; 6. liypertrophied pollen grain; 7. germinated pollen grain; 
2-8-9. callus induction from germinating pollen grain; 12—13. embryogenesis from multi-
cellular pollen grain; 15—16—17., 18—19—20. callus and embryogenesis or organogenesis 
induction; 21 —22. embryogenesis from haploid cell; 11-14-17-20. embryoid or organ 
induction.] 
of multicellular pollen grains (Fig. 1/12) in the anther cultures of Datura species. Both in 
Nicotiana and Datura species embryoid development s tar ts without callus formation which 
can be brought into connection with the frequency of the apomixis (haploid parthenogenesis, 
androgenesis) characteristic of these genera (Fig. 2). 
In anthers placed on the culture medium most of the pollen grains germinate, wither 
or become hypertrophic (Fig. 1/2—5, 2—6, 2—7). These pathways of development generally 
do not result in morphogenesis. In exceptional cases in angiospermous species callus forma-
tion can be induced from germinating pollen grains (Fig. 1/2—8 — 9) which process can probably 
be explained by the analogy of androgenesis. The broken line (Fig. 1/2— 10— 11 — 23) shows an 
organization which, though induced in vitro, has not been demonstrated experimentally. 
According to the results of investigations made so far the most feasible way of pro-
ducing haploid plants, both in dicotyledonous and monocotyledonous plant species, is to 
induce haploid callus formation from microspores partly in the sporogenesis (Fig. 1/18 — 19— 
20—23), partly in the gametogenesis (Fig. 1/15—16—17—23) as a first step, then raise haploid 
plants from the callus by organogenic induction. It is supposed that with this method, by 
placing anthers isolated at the proper stage of development on culture media ideal for the 
plant species concerned, haploid forms of an increasing number of plant species will be pro-
duced (Fig. 3, Fig. 4). The most recent results support this expectation as well since haploid 
callus has been successfully induced and haploid plant raised in anther cultures of Triticum 
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Fig. 2. Haploid plants raised from Nicotiana tabacum L. anthers isolated in Nitsch's culture 
media. [A. pollen mother cells of anthers isolated in the phase of sporogenesis (40 X obj., 
6.3 : 1 proj.); B-C-D. haploid plants developed from anther without callus formation, at 
various stages of development; E. haploid plant after transplantation] 
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Fig. 3. Haploid callus, then root and shoot induction from Orysa sativa L. anthers isolated 
in Blaydes-culture media. |A. anthers in the phase of gametogenesis at the time of isolation 
( 3 . 2 x o b j . , 4 : 1 proj.); B. anthers in the second week following isolation ( 3 . 2 x o b j . , 4 : 1 
proj.); C-D. callus formation in the 4th—6th week following isolation; E-F. root organization 
in haploid callus isolated in a culture medium containing 0.02 ppm kinetin and 2.0 ppm IAA 
(40 X obj., 4 : 1 proj.)] 
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Fig. 4. Shoot organizat ion in haploid callus isolated in a culture medium containing 1.75 p p m 
I A A and 2.15 p p m kinetin (40 X obj . , 6.3 : 1 proj.) 
aestivum (FUJII 1 9 7 0 ) , Hordeum vulgare (CLAPHAM 1 9 7 1 ) , Lotus corniculatus (GRANT 1 9 7 0 ) ,  
Brassica oleracea a n d Setaria italica (KAMEYA — HINATA 1970, BAN-DOI-KOKUBU-MIYAJI 
1 9 7 0 in NIIZEKI—OONO 1971) and of a mutant of sulphur tobacco (BURK 1970). 
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A STUDY O F T H E T R A N S P I R A T I O N I N C R E A S I N G E F F E C T O F W I N D 
Beside solar radiat ion wind is also a weather e l e m e n t which can be considered as a 
weather factor since i t s appearance e f f ec t s the other weather elements (BACSÓ 1966). This 
fact should first of all be taken into account during the s t u d y of the water economy of plants. 
Wind substant ia l ly regulates the life processes of plants, since it not only affects the 
ecological factors b u t also influences t h e relationships of plants to temperature, transpira-
t ion, dissimilation a n d assimilation. 
SENYIKOV (1953) attributes a great importance to the wind, since the wind changes 
the temperature and humidity of air and thus changes the environment of the plant. The 
wind increases transpirat ion by removing the water v a p o u r from the s tomata . 
There are d i f f erent values in t h e literature concerning the wind ef fect upon trans-
piration because in these studies the meteorological factors and the water availabil ity b y 
p lants is variable. WRENGER (1935/36), as a result of her wind effect studies on several species, 
emphasizes that the various plant species reach their m a x i m u m transpiration rate at dif-
ferent wind speeds. T h e wind speed e f fec t upon transpiration is different during the d a y 
and during the n ight and it also depends upon the soil moisture. 
In our exper iment we studied the wind effect u p o n the transpiration of young maize 
p lants . The wind ve loc i t ies chosen inc lude the average wind speed of the year in Hungary, 
w h i c h according to BACSÓ (1966) is 2.5 — 3.5 m/sec. The purpose of this paper is to give some 
da ta on the wind e f f e c t upon maize transpiration at different wind speeds. 
The wind tunne l into which the maize plants were placed was made of wire net covered 
w i t h 0.2 mm transparent PVC folia which was t ight ly connected to an electric fan hav ing 
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Table 1 
Transpiration intensity of maize plants calculated for 1 dm2 of 
leaf-blade area at two soil moisture levels 
Wind veloci ty 
in dark in light Transpiration in t ens i -
t y of plants in l ight 
m/sec 
mg/hr 0/ /о mg/h r % 
related to those in 
dark as a percentage 
40% soil moisture 
0.00 37 100 68 100 184 
2.53 60 162 90 132 150 
5.04 157 424 188 276 120 
6.22 314 849 403 593 128 
70% soil moisture 
0.00 74 100 170 100 230 
2.53 119 161 196 115 165 
5.04 187 253 289 170 155 
6.22 395 534 434 255 110 
an output of 1 kW. The height of the semicircular wind tunnel was 50 cm and had a length 
of 250 cm. 
The wind velocity was measured by an anemometer at heights of 15 and 30 c m at three 
equidistant points. Thus we made six measurements in one cross-section of the wind tunnel. 
The wind speed was taken as the average of these six measurements. We calculated t h e applied 
three wind speeds (2.53, 5.04 and 6.2 m/sec) in this manner at three different distances from 
the electric fan. Since the plants were placed in the same wind tunnel for different wind 
velocity treatments, measuring the two smaller wind velocities, we also took into account 
the speed reducing effect of the plants closer to the electric fan. The place of the two plants 
(replicates) obtaining the same wind speed treatment was interchanged every hour, thus 
the two plants were iu both places for equal t imes during the twelve hour wind treatment. 
This was done to avoid any possible wind treatment difference due to the plant site ill the 
wind tunnel. 
Small, 500 cm 3 plastic pots were used in the experiment, into which, for 65 dkg 
absolute dry soil calculated, 3.5 per cent water containing air dry alluvial-meadow soil was 
placed. The maximum water holding capacity of the soil was determined in a laboratory and 
was found to be 46.6 per cent. The soil moisture content at the start of the experiment was 
set for 40 and 70 per cent of the maximum water holding capacity (expressed in weight 
per cent) and this soil moisture level was maintained throughout the experiment b y daily 
water supply. A uniform fertilizer application was followed in each treatment. The active 
ingredients of the fertilizers calculated for 100 g absolute dry soil were as follows: N : 30 mg, 
P 2 0 5 : 20 mg and K 2 0 : 30 mg. 
For the transpiration measurements the plastic pots had t ight covers which only had 
a hole for the stem of the plant. 
The difference in pot weight between the two measurements made at the beginning 
and at the end of wind treatments gave the amount of water transpired by the plants . 
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Mv-1 maize variety was used in the experiment. Seeding time: 4. August , 1967. Af ter 
emergence only one plant was left to develop in each plastic pot. The wind effect studies 
were conducted by exposing the plants to the air currents for a twelve hour period on 28th , 
29th, 30th and 31st of August, 1967. There were two replicates for the wind treated plants 
and three for the wind free controls. The data obtained from the measurements of 36 plants 
was evaluated. In order to ensure uniformity these p lants were chosen f r o m 50 plants. 
The absolute dry weight of plants and leaf-hlade area were determined. The leaf-blade 
area was drawn on parchment paper, which was then excised and from i ts weight was calcu-
lated the leaf-blade surface area. The mean value of the absolute dry we ight of the plants 
was 2.04 and 1.64 g, their leaf-blade area 5.44 and 3.41 dm 2 in accordance with the 70 and 40 
per cent of the max imum water holding capacity of the soil where the plants grew. 
Up to the t ime of the wind e f fec t measurements the plants developed in a greenhouse. 
The wind treatment of plants took place in a room, where the air temperature (24.3°C) and 
the relative humidity of air (63.7 per cent) was almost constant. The wind treatment of plants 
was conducted in dark and also at low light intensity (690 lux). The l ight intensity, that is 
the light received by the plants, was measured under the PVC folia for wind treated plants 
as well as for wind free controls. 
The data of Table 1 indicate, tha t the three wind speeds used in each case (two soil 
moisture levels, in dark and in light) increased the transpiration. But this wind effect did 
not increase linearly with that of the wind speed. A similar s ta tement was made b y 
MARTIN—CLEMENTS (1935) whose wind experiment results with sunflower plants had n o t 
shown a linear correlation between wind speed and transpiration rate either. 
From the two soil moisture levels set in the experiment the transpiration intensity 
of the plants grown at 40 per cent m a x i m u m water holding capacity of the soil was lower 
for the wind free control plants as well as for the wind treated ones, than for the plants grown 
at a soil moisture of 70 per cent m a x i m u m water holding capacity. This applies to all of 
the three wind speeds used in the experiment. 
Having the same soil moisture, the transpiration intensity of plants in light was sig-
nif icantly higher than of those in dark. This can be explained by the difference existing be-
tween the cuticular transpiration intens i ty and that of the stomatal one. The cuticular trans-
piration of well developed leaves is 10—20 times smaller than that taking place through 
stomata, but the cuticular transpiration of leaves upon which there is no well developed 
cuticle makes up half of the water transpired by the plant (SZALAI 1968). While the plants 
in dark transpired only through the cuticle, the plants in light transpired both through the 
stomata and the cuticle. 
At 40 per cent soil moisture the transpiration intens i ty of the wind free control plants 
in light was 184 per cent related to those in the dark. This means that the cuticular trans-
piration of plants having only a s l ightly developed cuticle cover is 54 per cent of the total 
transpiration. If the same comparison is made for the plants developed at 70 per cent soil 
moisture, then the percentile ratio of the wind free control plants is 230, t h a t is the cuticular 
transpiration is 45 per cent of the total one. This means tha t the transpiration rate is greater 
through stomata by plants developed at a proper soil moisture level, than of those developed 
at an inadequate soil moisture. This regularity can also be observed due to the effect of the 
three wind velocities with one essential difference, and this difference is t h a t at the highest 
wind speed the transpiration intensity value of plants in dark and in l ight almost reaches 
one another. That is, while the percentile ratio of transpiration of wind free plants examined 
under dark and light conditions at a 40 per cent soil moisture level is 184 per cent, the trans-
piration ratio at a wind velocity of 6.22 m/sec is merely 128 per cent. A n even greater per-
centile decrease can be observed in the case of plants developed at 70 per cent soil moisture 
level where this percentile ratio falls from 230 to 110 per cent. 
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Examining the treatments of the two soil moistures and of the two light treatments 
it is conspicuous that the lower the value of a n y wind free control the higher the percentile 
wind effect of the same treatment . Thus at a soil moisture of 40 per cent, in dark treatment, 
the transpiration intensity of wind free plants is 37 mg. but at a wind velocity of 6.22 m/sec 
is 314 mg. That is the greatest wind effect is 849 per cent. At the same time at a soil moisture 
of 70 per cent , in light, the transpiration intensi ty of wind free plants is 170 mg and at a 
6.22 m/sec wind velocity 434 mg. Here the greatest wind effect is 255 per cent, that is much 
lower than in the previous case. The percentile va lues of the other two treatments lie between 
the two. 
The differences in transpiration of the plants developed at two levels of soil moisture 
(Table 1) can be explained b y the different structural make up of plants. The different soil 
moisture levels were also expressed by the we ight and the leaf-blade area of plants. That 
is the weight and the leaf-blade area was smaller at the lower soil moisture. The plants with 
insufficient water supply underwent certain structural changes. According to WHITEHEAD 
(1965) if plants of similar genotype are subjected to a series of water stresses, then pheno-
types which can be considered as advantageous adaptation to the conditions under the effect 
of which t h e y developed will be produced. WHITEHEAD (1961) from his sunflower experi-
ments concluded, that plants developed in wind lost less water if exposed to wind treatment 
than those grown in a wind free environment. H e explains this water loss difference by the 
structural changes in plants developed in the wind. In our experiment also, very l ikely, the 
lower soil moisture brought about more xeromorph structural changes in the plants. The 
author (SZLOVÁK 1967) found in his earlier experiment that the évapotranspiration of plants 
developed in a soil with a 40 per cent max imum water holding capacity was a lways lower 
than of those plants which grew in a soil of 70 per cent m a x i m u m water holding capacity. 
This difference in évapotranspiration was true for the wind free control plants as well as for 
the plants exposed to the t w o wind velocities used. Since, then the wind experiment was 
conducted with older plants, the xeromorph character of plants, grown at a 40 per cent soil 
moisture level , was more pronounced than at this time. 
SATOO (1953) studied the wind ef fect on young Cryptomeria japonica plants 
grown on three soil moisture levels and also concluded tha t the plants developed at 
a higher soil moisture level transpired more than those developed on a lower soil mois-
ture level. 
Several investigators found that the m a x i m u m transpiration of plants is achieved by 
different wind velocities. In GIDDINGS (1914) experiment the wind increased the transpira-
tion of Silphium laciniatum L. up to a wind speed of 3.55 m/sec. A higher wind velocity 
decreased the transpiration rate. STALFELT (1932b) observed that the most intensive trans-
piration of Betula pubescens leaves occurred at a wind velocity of 1.8 — 2.0 m/sec. The maxi-
mum transpiration rate of the sunflower plant was observed at a wind velocity of 4 m/sec 
(WRENGER 1935/36). The highest wind speed (6.22 m/sec) in our experiment still increased 
the transpiration rate of maize. This may be due to the small plant size which was able to 
secure the transport of the water lost by transpiration. 
Comparing the transpiration intensity at the applied highest wind speed of the four 
treatments ( two soil moistures in dark and in l ight) it is clear tha t the obtained values are 
much closer to one another t h a n can be observed in the ease of the four appropriate controls. 
The absolute value of transpiration at 6.22 m/sec wind speed was probably determined by 
water uptake and water transport. While the plants at the lower soil moisture level were 
able to increase their water uptake and transport at higher wind speeds, at the higher soil 
moisture level at the given l ight intensity they were not able to do so. The high transpiration 
rate of plants with the higher soil moisture in dark was secured by the cuticular transpira-
tion through the still poorly developed cuticle. 
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According to the experimental results the applied three wind velocities always increased 
the transpiration of maize plants related to the appropriate wind free controls at the two 
soil moisture levels in dark as well as in light. In each treatment the greatest wind effect 
was obtained at the highest wind speed (6.22 m/sec) used in the experiment. 
The smaller the transpiration rate of any control of any appropriate treatment the 
greater was the percentile wind effect. Thus the greatest percentile wind effect upon maize 
plants was obtained at the lower soil moisture level in dark. Though the transpiration intens i ty 
of wind treated plants (6.22 m/sec) grown at a higher soil moisture in light was the highest , 
the percentile wind effect was the lowest, since the transpiration intens i ty of its own control 
was the highest among the treatments used. 
# 
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"ŰJMAJORI S Á R G A " PEA 
Taxonomic place: Pisum sativum L. convar. vulgare ALEF. var. superfluens ALEF. 
Origin: bred by individual selection from a commercial lot 
Beginning of breeding: 1947, Újmajor 
Breeder: Antal Ács dr., Debrecen 
State qualification: Provisionally certified improved variety, 1956; State certified var iety , 
1967 
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General characterization: a fodder p e a of long v e g e t a t i v e period, dense fol iage giving a large 
volume of green mass w h e r e b y it is often g r o w n in fodder m i x t u r e s (green maize , 
sunflower, e t c . ) 
Morphological description : 
Root system: penetrates 1 0 0 — 1 1 0 cm deep i n t o the soil and deve lops many root -
nodules 
Shoot system: 120—130 c m long shoots m o d e r a t e l y branching, wi th dense fo l iage , 
though t h e leaves are l o o s e l y distributed o n the shoots 
Stem: u s u a l l y divided into 14—15 internodes, angled, smooth, w a x y 
Foliage: l e a v e s are large, o f t e n with 3 pairs of leaflets and a s trong tendril at t h e 
apex. L e a f l e t s mostly are e l lypt ic and broad; their tips are b l u n t and hairy; e d g e s 
are unbroken , colour y e l l o w i s h green. S t ipu le s are medium s p o t t e d 
Flowers: o f t e n in pairs on t h e floral axis ( two- f lower clusters), are medium large. 
The co lour of the corolla i s white. The s t a n d a r d is smooth e d g e d , with a V - s h a p e d 
base, i t s t ip ends in a m e d i u m large, sharp t o o t h in the apical indentation. W i n g 
blades are heart-shaped. C a l y x lobes are broad-lanceolate 
Pod: s t ra ight , sometimes s l ight ly curved. Colour light ye l l owi sh green, tip b l u n t ; 
5—6 c m long, relatively narrow. 4—7 seeds develop in the p o d (12 — 42 seeds per 
plant) 
Seed: m e d i u m large, thousand-grain-weight 2 8 0 — 3 1 0 g: its s h a p e is spherical, co lour 
light y e l l o w or yellow, surface smooth. Coty ledons are y e l l o w coloured (KAPÁS et 
al. 1965) 
Riological characters : 
Germination: generally good, b u t seeds a f fec ted b y drought g ive insufficient germina-
tion resu l t s (IVÁNYI 1966) 
Vegetation period: long, a b o u t 100 days; f l o w e r i n g 57 — 60 days a f ter sowing (IvÁNYI 
1966) 
Development : rapid and v i g o r o u s 
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Resistance to disease: when grown for seed production o f t en attacked b y powdery 
mi ldew, otherwise i t is a fairly res i s tant pea var ie ty 
Farm technology requirements: 
Seeding: in the f i r s t half of April, as ear ly as possible, to a depth of 6 — 8 c m 
Soil requirements: no th ing particular; in good soils g ive s high yields 
Productivity : able to yield a large v o l u m e of green m a s s , especially w h e n sown with 
green maize; s traw yield: 18—20 q/cad. yoke (1 cad . yoke = 5754, 56 m 2 ) Seed 
production is general ly low, a b o u t 9 q/cad. yoke 
Area of cultivation: any s i te in Hungary 
* 
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FORUM 
COMPATIBILITY OF F U N G I C I D E TREATMENT 
A N D RHIZOBIUM INOCULATION OF VETCH S E E D 
The s tudy of plant protective agents (fungicides, herbicides, insecticides) has an 
increasing importance not only from the aspects of microbiology, plant physiology or agron-
omy, but from the point of view of the whole living world. 
For this reason the effect of the pesticides (fungicides) on the N- f ix ing rhizobia and 
their symbiosis wi th legume plants, is a rather long and much studied question of soil mic-
robiology. Inspite of this the literature (cited below) and our observations (fungicides: 
KECSKÉS—VINCENT 1969a , 1 9 6 9 b , 1 9 6 9 c ; KECSKÉS 1 9 7 0 a ; KECSKÉS—VINCENT 1973; E L E K -
KECSKÉS 1 9 7 0 ; K E C S K É S — S z ű c s 1 9 7 3 . h e r b i c i d e s : KECSKÉS 1 9 7 0 b , B O R B É L Y — K E C S K É S 
1 9 7 0 , K E C S K É S — B O R B É L Y — B O R B É L Y — E L E K 1 9 7 1 , B O R B É L Y — B O R B É L Y — E L E K — K E C S K É S 
1 9 7 2 , K E C S K É S — E L E K — B O R B É L Y — B O R B É L Y 1 9 7 2 , K E C S K É S — N A G Y — K E C S K É S — K O V Á C S 
1972. Insecticides: KECSKÉS—BALÁZS 1972) during nearly one decade equally convinced us 
that the old problems as well as new important problems arise in this f ield day after day . 
As regards this present work our aim in trying to answer the question of the com-
patibility of rhizobium inoculation of vetch and fungicide treatment was to find the mos t 
compatible fungicide. 
In the course of studying the relevant l iterature it appeared that there is a great 
insufficiency as regards a summary or review of such literature (ERDMAN 1944). Because 
of this we give a detailed list of papers found by us on this subject from 1926 until the present. 
On the basis of the literature on this subject we can distinguish the periods I. 1926 — 
1941, II. 1941—1958, III. 1958 — until the present. Naturally these periods show a close con-
nection with the rate and need of usage of fungicides in agricultural practice. 
Before the initial period of course we can f ind references dealing with the ef fect of 
disinfectants on the rhizobia; however, the research on this question began with the wider 
appl i ca t ion of t h e s eed p r o t e c t i v e m a t e r i a l s : MÜLLER—STAPP 1926, DUGGAR 1935, BUCHHOLZ 
1 9 3 6 , K A D O W — A L L I S O N — A N D E R S O N 1 9 3 7 , L I T I N S K I 1 9 3 7 . 
It was the second period, which went into this question with greater force, but of ten 
w i t h c o n t r a d i c t i o n s : A P P L E M A N 1 9 4 1 , B U R T O N — E R D M A N 1 9 4 1 , M C N E W 1 9 4 1 , M C N E W — 
H O F E R 1 9 4 2 , S H A R V E L L E — Y O U N G — S H E M A 1 9 4 2 , A L B R E C H T 1 9 4 4 , A L L I S O N — T O R R I E 1 9 4 4 , 
B A U B 1 9 4 4 , A L L I N G T O N — K E N T — T E R V E T — K Ö H L E R 1 9 4 5 , MILLER 1 9 4 5 , M I L T H O R P E 1 9 4 5 , 
K E R N K A M P 1 9 4 8 , V L I T O S — P R E S T O N 1 9 4 9 a , b , R U H L O F F — B U R T O N 1 9 5 1 . 
After a period of stagnation in the early f i f t i es because of practical necessity the ques-
tion was taken up again in different places from 1958 onwards: HOFER 1958, HOFER—CROSIER 
1 9 6 2 ( U S A ) , W I L L I A M S - H A R W O O D — HILLS ( 1 9 6 0 ( U S A ) , BJÄLFVE 1 9 6 0 ( S w e d e n ) , W E L L S 
1 9 6 0 ( N i g e r i a ) , J A K U B I S I A K — G O L E B I O W S K A 1 9 6 3 , W R O B E L 1 9 6 3 , G O L E B I O W S K A 1 9 6 5 , G O L E -
B I O W S K A — K A S Z U B I A K 1 9 6 3 ( P o l a n d ) , B R A C K E L 1 9 6 3 ( B e l g i u m ) , L A T C H — G R E E N W O O D 1 9 6 4  
( N e w - Z e a l a n d ) , HAMED 1965 ( U A R ) , VAN SCHREVEN 1 9 6 7 ( N e t h e r l a n d s ) , AFIFI—MOHARRAM — 
H A M D I — A B D - E L - M A L E K 1 9 6 9 ( U A R ) . 
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In this study the effect of six organic and one inorganic fungicide belonging to f ive 
different groups was investigated on seven strains of Rhizobium leguminosarum sp. Frank 
and their nodulation with Vicia sativa L. 
Laboratory, light room and glasshouse experiments were carried out in the Micro-
biology Department of the Agricultural Faculty of the University of Sydney. 
The f ie ld experiment was conducted in the gent ly undulating hill of the adjacent farm 
of the Agricultural Research Stat ion of Wollongbar New South Wales Australia on a red 
basaltic or " B i g Scrub" soil representing more than 200.000 acres of the Bichmond Biver 
district (CRAFTS—JENKINS 1957). The test plant was Vicia sativa and its seed was treated 
with Ceresan, Spergon, Thiram inoculated with commercial peat inoculum (Boot-nodule Pty 
Ltd., Sydney, Australia). 
Fungicide treated + inoculated, fungicide treated + uninoculated, fungicide treated 
and uninoculated as well as uninoculated untreated vetch seeds were sown immediately , 
6 hours and 12 hours after inoculation applying Amm-super Lime fertilizer. 
The evaluation was carried out on the basis of the dry top weight, the nodulation, 
the nodulation forms, the length of top and root. 
As regards the applied methods and materials most of them have been published al-
ready, details can be found in KECSKÉS—VINCENT (1969a, 1969b, 1969c), KECSKÉS—VINCENT 
1973 , DATE—VINCENT ( 1 9 6 2 ) , LEONARD ( 1 9 4 3 , 1 9 4 4 ) , PURCHASE—VINCENT ( 1 9 4 9 ) a n d 
VINCENT ( 1 9 7 0 ) , V I N C E N T - W A T E R S (1957) . 
Considering the literature and the need of agricultural practice and last but not least 
the theoretical importance of the question we started our work. 
1. Inhibition zone on seeded agar plates, (a) With fungicide treated seed. In a pre-
liminary trial, seed of vetch treated with the seven fungicides according to the manufacturers' 
directions was placed on plates of yeast extract mannitol agar t h a t had been seeded with 
Rhizobium leguminosarum (Table 1, line 1). All fungicides were in some degree inhibitory: 
Panogen the most , Phygon and Spergon the least. However, the agreement between replicates 
was not good, probably due to inequalities in area of contact be tween different seeds and 
agar. Filter paper discs carrying excess fungicide were substituted as a more reproducible 
simulation of the treated seed in the later experiments recorded in Table 1. 
Seed which had been treated seven months earlier was as inhibitory as the one-month 
old seed reported in Table 1, in the case of 6 of the fungicides, but the activity of Panogen had 
been considerably reduced during this longer period of storage. A more detailed check showed 
in fact that the inhibition zone wi th this fungicide was markedly reduced even after as little 
as two weeks storage of the Panogen-treated seed, whether held in the light or in the dark: 
Time after t r e a t m e n t 
of seed with P a n o g e n Condit ions of storage 
Inhib i t ion zone 
(mm) 
(a) 0 hour 48 
(b) 2 weeks dark 35 
(o) 2 weeks diffuse davlight 29 
(d) 2 weeks fluorescent light 28 
(e) 40 weeks dark 11 
All differences except those between (с) and (d) were signif icant and show that this 
fungicide is unstable, rather more so when i l luminated. 
(b) Wi th impregnated f i l ter discs. The three experiments: wi th 7 replicate strains of 
Rhizobium leguminosarum [lines (2) and (3) of Table 1] and with 10 replicate discs tested 
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Table 1 
Inhibition zones with Rhizobium leguminosarum and Thanetophorus cucumeris due to seven fungicides 
Panogen Ceresan Cuprox T h i r a m C a p t a n P h y g o n Spergon 
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(8) Signif. score (6, 7)** 6 5 0 4 2.5 2 0.5 





















* Signif icance index = number of the 7 fungicides s ignif icantly exceeded in potency . 
** Index score = Average of significance indices in individual tests . 
*** Toxic i ty ratio = inhibit ion zone Rhizobium inhibition zone Thanetophorus. 
2 5 2 FORUM 
against a single strain [line (4)] showed consistent and large differences between fungicides. 
Panogen was the m o s t toxic, followed by the other mercurial, Ceresan, an intermediate group 
of approximately equal potency (Cuprox, Thiram and Captan) and, again the least potent, 
the quinones: P h y g o n and Spergon. 
Similar tests wi th the representative seedling pathogen (Thanetophorus cucumeris) 
fol lowed the same general order, with the exception of copper oxychloride which was the least 
t ox i c of the seven compounds (Table 1, lines 6—8). 
Toxicity ratios (Table 1, line 9: Inhibition zone of Rhizobium + Inhibition zone of 
Thanetophorus) show that Ceresan and Thiram were relatively less toxic towards the rhizobia 
t h a n towards the pathogen. Cuprox (copper oxychloride) was at the other end of the scale. 
When saturated solutions of the solid fungicides (Panogen excluded) were substituted 
for their use in excess , with the filter disc, method, it w a s found that only those of Ceresan 
and Cuprox were stil l inhibitory. The tox ic effect of Ceresan could be detected at 1/100 satura-
t ion. Similarly it w a s only in the case of these two fungicides (and Panogen) that the sub-
st i tution of the saturated solution for water in making up the medium (sterilized by filtration) 
prevented the growth of rhizobia. In the case of Phygon growth of 4 of the 7 strains was 
delayed but not prevented. 
2. Influence of fungicide on the survival of rhizobia on the inoculated seed. The number 
of rhizobia surviving on the variously treated seed that had been inoculated with a peat 
culture of R. leguminosarum used in nodulation experiments in sand and soil (from Sydney, 
Narrabri, Wollongbar) was determined immediately after application and after a further 12 
and 24 hours. The results of two such determinations s ta ted in each case as a percentage of 
the number of rhizobia on inoculated non-fungicide treated seed, are summarized in Table 2. 
Survival in the case of the Thiram-treated was uniformly good, tha t with Ceresan, t 
very poor. The remaining fungicides were intermediate in effect , and could not be distinguished 
Table 2 
Percentage survival of Rhizobia on fungicide-treated seed 
Time of exposure h r . 
Fungicide 
Panogen Ceresan Cuprox Th i r am Captan Phygon 1 Spergon 
Rhizobium 0 (i) 57 10 42 98 72 42 72 
(ii) 44 3 42 89 66 51 56 
Av. 51 7 42 94 69 57 64 
12 (i) 51 6 21 71 40 40 36 
(H) 62 2 74 88 86 76 56 
Av. 57 4 48 80 63 58 46 
24 (i) 45 < 1 23 68 29 11 31 
(ii) 73 3 86 110 103 82 72 
Av. 59 < 2 55 89 66 47 52 
All times, Av. (i) 51 5 29 79 47 31 46 
All times, Av. (ii) 60 3 67 96 85 70 61 
Total Av. 56 4 48 88 66 51 54 
Total Bacteria 0, 12, 24 hr 68 42 65 103 69 67 86 
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Order of decreasing survival:* 
Rhizobium T С P Sp Py Co Ce 
88 66 56 54 51 48 4 
Total T Sp С P Py Co Ce 
103 86 69 68 67 65 42 
* Values underlined, not significantly different from each other. 
when an account was taken of performance in both experiments. In one experiment the much 
larger number of "total" bacteria was also determined (viz; all colonies formed on yeast 
mannitol agar) and similarly compared with the non-fungicide treated control. All fungicides, 
except Thiram (Spergon bordering on significance) reduced the total viable count. Ceresan 
was again the most toxic but not as markedly as with rhizobia. The remaining fungicides 
were intermediate in effect and indistinguishable. 
3. Indications from laboratory tests. To this stage, it could be concluded that the two 
mercurial fungicides were very toxic to the rhizobia and that, in the case of Ceresan, this was 
associated with a strong lethal effect. Copper oxychloride was moderately inhibitory and lethal 
and revealed a particularly unfavourable relative toxicity with the rhizobia. Of the remain-
ing, organic fungicides which were intermediate in their inhibitory property, Thiram possessed 
the lowest toxicity ratio towards the rhizobia and, most important, appeared to be relatively 
non lethal to the bacteria applied to the treated seed as inoculum. It could be expected that 
on these accounts Thiram would be the seed dust likely recommended but the definite decision 
in this respect had to await the nodulation tests that follow. 
4. Nodulation of Vetch Plants on Seedling Agar. Plants raised from inoculated fun-
gicide and non-fungicide treated seed on seedling agar were examined for presence or absence 
of nodules at a stage when there had been ample time for nodulation to occur. The pooled 
results of the experiments spread over a period of six months are summarized in Table 3 
Table 3 
Proportion of nodulated plants from inoculated vetch 
seed according to fungicide treatment 
Fungicide 
Growth in seedling agat 
N u m b e r 







Nil 91 91 100 
Panogen 93 50 54 
Ceresan 91 0 0 
Cuprox 92 30 33 
Thiram 90 86 96 
Captan 92 38 41 
Phygon 91 38 42 
Spergon 92 76 82 
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Table 4 
Depression of nodulation by fungicide treatment 
(washed river sand + nutrient solution in bottle jar 
assembly ) 
Fungicide 
Proportion of non-nodulated p lan t s 
(ou t of 10)* 
Experiment 1 Exper iment 2 
Nil 0 0 
Panogen 0 6 
Ceresan 7 0 
Cuprox 0 1 
Thiram 0 1 
Captan 0 3 
Phygon 5 5 
Spergon 5 5 
* Actual plants observed ranged from 9—16. 
Under these conditions Ceresan completely prevented nodulation; Thirain was almost 
wi thout effect and the Spergon treated seedlings were generally well nodulated. The other 
fungicides except Cuprox were intermediate in effect, whereas in the case of Panogen seed 
tha t had been treated 14 weeks or more before inoculation yielded more positive plants (81%) 
than those that had been tested earlier (9%). This appeared to be related to the instability 
of this fungicide already noted in connection with the laboratory tests. 
5. Nodulation in Washed River Sand (Bottle Jar Assembly). Two preliminary experi-
ments were conducted with the seven fungicides, the inoculated seed being sown 3 — 4 hours 
after inoculation. P lants were harvested in the sixth week and examined for presence or absence 
of nodules (Table 4). Phygon and Spergon depressed nodulation on both occasions; Panogen 
and Ceresan had a marked effect on one of the two occasions; Cuprox and Thiram appeared 
to be the least inhibitory. 
In a more detailed experiment with the same assembly, the distribution as well as 
the presence or absence of nodules was recorded (Table 5). Under these conditions the nodula-
t ion pattern of the non-fungicide treated inoculated control was indicative of early invasion 
( 4 8 % nodulation near the crown of the tap root; 81% wi th one form of tap-root nodulation). 
The extreme condition of inhibition wi th Ceresan (31% without nodules and tap-root crown 
nodulation completely prevented; total tap-root nodulation 20%; distal lateral nodulation) 
w a s indicative of considerable delay — 46%. Cuprox showed a similar trend but less markedly. 
Thiram and Captan were clearly the least inhibitory; Spergon, Phygon and Panogen were 
intermediate, in that order of increasing toxicity. 
From this experiment the fungicides could be classified in order of decreasing com-
patibi l i ty: 
Captan, Thiram > Spergon > Phygon > Panogen > Cuprox > Ceresan. 
6. Nodulation in Rhizobium-deiicient Soils: Glasshouse Experiments. Undisturbed cores 
of soil brought from three field sites to the glasshouse were used to test the influence of the 
fungicides on nodulation under conditions that bore some relationship to practical condi-
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Table 5 
Influence of fungicides on pattern and incidence of nodulation 
( Washed river sand + nutrient solution in bottle jar assembly) 
Fungic ide 
Percentage of p l a n t s * with nodulation 
TC T D T D L LC LD Nil 
Nil 48 18 
81 














































* Based on 57 — 60 plants in each case. 
TC = on tap-root, close to crown 
TD = on tap-root, distal 
TDL = on tap-root, distal and lateral roots 
LC = on lateral roots only, near crown 
LD = on lateral roots only, distal 
0 = no nodule 
l ions. Seed which had been treated with the range of fungicides and inoculated with a standard 
peat culture was sown on three occasions after inoculation (0, 6 and 24 hrs), and kept in the 
glasshouse. After 6 weeks, by which t ime all of the inoculated control plants were well nodul-
ated, all plants were carefully removed and evaluated for the occurrence and distribution 
of nodules. 
Although nodulation was classified into all of the 6 categories reported for plants 
grown in sand culture (Table 5), the data have been aggregated into 4 for the present purpose 
b y combining all cases where the plants were nodulated on the tap root. The two forms of 
lateral-root nodulation have been kept separate because they appear to relate to differential 
inhibition by different fungicides (Table 6). 
In all three soils the inoculated non-fungicide treated control plants showed evidence 
of early nodulation (78 — 85% on the tap root, the remainder on lateral roots near the crown). 
All uninoculated controls were free of nodules. Under these conditions all of the fungicides, 
except Thiram, departed markedly from the norm in t h a t the proportion of early tap-root 
nodulated plants was markedly less than the non-fungicide control: 
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% Plants nodulated 
Fungicide on tap-root 









Captan, although markedly inferior to Thiram in these tests, was s ignif icantly 
better than the most drastic of the fungicides; Panogen and Ceresan. 
Non of the fungicide-treated plants failed to nodulate completely on the S y d n e y soil, 
all showed some cases of non-nodulated plants in the other two soils: 
Fungicide 
% Plan ts without nodules 
Lismore soil ! Nar rabr i soil 
Panogen 19 15 
Ceresan 24 0 
Cuprox 0 6 
Thiram 0 6 
Captan 2 0 
Phygon 6 6 
Spergon 9 7 
Taking the category L D as indicative of considerable delay in nodulation we find 
that Ceresan (52% of total plants), Phygon (43%) and Spergon (39%) are particularly repre-
sented in this class. 
A smaller soil core experiment was also undertaken with three of the fungicides used 
on seed sown into the Lismore soil without the use of fertilizer and thus a degree more drastic. 
Under these conditions Ceresan proved very toxic and there was a marked delay in the nodula-
tion of Spergon-treated seed. Thiram again showed a considerable advantage: 
A number of nodulated plants developed from fungicide treated and inoculated seeds 
(12 seeds were sown in 4 cores without fertilizer in Lismore soil): 
Sowing t ime 
af ter inoculation 
Fungicide 




1 ( i ) 
я 










22 (2) 24 (12) 25 (17) 
+ = inoculated seed 
( ) = tap root nodulation 
= plants without nodules 
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Table 6 
Influence of fungicides on pattern and incidence of nodulation 
(soil cores in glasshouse) 
Fungic ide 




Lismore soil nodula t ion* 
T LC LD 0 
N a r r a b r i soil nodula t ion* 
T LC LD О 
Nil 85 15 0 0 78 22 0 0 81 19 0 0 
Panogen 0 89 11 0 10 36 35 19 0 55 30 15 
Ceresan 5 37 58 0 0 19 57 24 0 60 40 0 
Cuprox 5 74 21 0 11 62 27 0 0 69 25 6 
Thiram 75 0 25 0 64 36 0 0 50 0 44 6 
Captan 6 88 6 0 17 50 30 2 17 83 0 0 
Phygon 5 60 35 0 6 42 46 6 0 47 47 6 
Spergon 10 65 25 0 4 28 59 9 0 60 33 7 
* Percentage of plants with nodulation: 
T = on tap-root 
LC = on lateral roots only, near crown 
LD = on lateral roots only, distal 
Table 7 
Influence of fungicides on pattern and incidence of nodulation 
(Lismore soil) 





w i t h 
L D 
nodula t ion 
О 
Non-fungicide control 68 32 0 0 
Thiram 50 38 8 4 
Ceresan 5 0 0 95 
Spergon 9 50 41 0 
7. Field Trial (a) Nodulation. The presence of nodules and their location on the plants 
are summarized in Table 8 for a total of 240 plants (for each fungicide-inoculum treatment) 
on the one occasion of sampling. The results agree quite well with the glasshouse trial using 
cores of the same soil (Table 6 and 7): the proportion of non-nodulated plants with the Ceresan 
treatment being much less in the field experiment, however, although more than half the 
plants were slow to nodulate. 
There were a few nodulated plants in the uninoculated controls at the first sampling 
hut these were all restricted to the distal lateral roots. 
A later sampling is included with the earlier in Table 9, in which the separate results 
for seed sown immediately and after 6 or 24 his are also shown. This Table dea's only with 
the proportion of crown nodulated plants which is a good indicator of speedy nodulation. 
and avoids any confusion with late nodulated uninoculated plants of which about 3 0 % had 
become distally nodulated by the time of the second sampling. The effect of fungicide was 
still apparent with this uninoculated material: 
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Per cent n o d u l a t e d plants* in un inocula ted controls 
Fungicide J u l y September 
Nil 8 5 0 
Thiram 3 4 8 
Ceresan 4 6 
Spergon 6 2 1 
* Nodules on distal lateral roots only 
The agreement between the occasions of sampling was good and no trend could be 
detected with u p to a day's holding after inoculation. 
The superiority of Thiram and the incompatibility of Ceresan and Spergon are clearly 
shown on both presentations (Tables 8 and 9). 
The plants tha t had been inoculated and were nodulated were also classified as to 
whether the n u m b e r of nodules w a s abundant (50/plant), moderate (50-10) or sparse (10). 
This showed tha t when nodulation had been delayed, as indicated by the location of nodules 
o n the distal lateral roots only, the number of nodules was also reduced (Table 10a). 
(b) Yield. T o p dry weight data are also summarized for the fungicide treatments, 
inoculated and uninoculated, on the two occasions of sampling (Table 9a). Detail of results 
for the three t imes of sowing (0, 6 and 24 hrs after inoculation) have been omitted because, 
although significant differences were obtained, they revealed no trend with time (Table 9b). 
The order of superiority of treatments judged by the percentage of crown nodulated 
p lants (Thiram Nil Fungicide s> Spergon > Ceresan) is reflected very precisely in the 
respective yields. The basis of this relationship is set out more analytical ly for each of the 
forms of nodulation in Table 10. P lants having the tap-root nodulated carried a large number 
of nodules and were the largest plants (11X — 15 X the weight of non-nodulated plants and 
almost twice the height) . Plants tha t were nodulated on lateral roots hut near the crown also 
h a d many nodules and yielded well . Distal lateral nodulation on the other hand, indicative 
of late and sparse infection, was dist inct ly inferior and in the worst s i tuation was little better 
t h a n the non-nodulated plant. 
8. Conclusion. For the purpose of a quick comparison the results obtained in this 
investigation can be tabulated according to compatibil i ty between the rhizobia and the fun-
gicide (Table 11). W h e n this is done the superiority of Thiram over all other fungicides is 
Table 8 
Influence of fungicides on pattern and incidence 







(TC.TD.TDL) LC L D о LD О 
N i l 61 31 7 1 7 93 
Thiram 77 29 4 0 2 98 
Ceresan 2 30 52 16 4 96 
Spergon 6 36 50 8 6 94 
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Table 9 
Influence of fungicides on nodulation and yield of vetch 
Field trials at Lismore* 
(a) Comparison of fungicides 
Fungicide t r e a t m e n t 
Pe rcen tage of crown 
n o d u l a t e d plants in 
inocu la ted plots** 
D r y t o p weight (g/plant)*** 

































(b) Sowing times-i- (hr. af ter inocula t ion) 
0 July 35 0.69 
Sept. 32 2.78 
6 July 32 0.95 
Sept. 34 4.94 
24 July 27 0.64 
Sept. 31 3.35 
L.S.D. 5%, 1% 0.10 0.39 
1% 0.14 0.52 
* Means based on 240 plants (20 in each of 4 plots at three sowing t imes) 
** All uninoculated controls were w i thout crown nodules 
*** L.S.D. 5% = 0.12 (July), 0.45 (Sept . ) 
1% = 0.16 (July), 0.60 (Sept . ) 
Thiram g» Nil 8> Spergon > Ceresan 
1% 1% approx. 
5% 
~ Average of all fungicide and non-fungicide treatments (which showed consistent 
effects). 
evident. N o t only has it g iven satisfactory results with every plant test (under conditions as 
different as seedling agar to those of the f ie ld) , but its relative greater potency against the 
seedling pathogen (Thanetophorus cucunieris) suggests that compatibil i ty with t h e rhizobia 
is not at the expense of i ts fungistatic property. 
W h e n one looks to the laboratory tes ts as means of predicting usefulness under practi-
cal conditions, the agar diffusion method, though able to detect some markedly incompatible 
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Table 10 
Relationship between form of nodulation. nodule number and plant size 
Inoculated Uninoculated 
Tap-root nodulation 
L a t e r a l 
nodu la t ion 
No 
nodules 
L a t e r a l 
nodula t ion 
No 
nodules 
(a) TC TD TDL LC LD LD 
Distribution according to 
nodule number 50 82 33 55 60 4 0 
50 10 18 67 45 39 34 0 
10 0 0 0 1 62 100 
(b) 





- 0 . 7 5 ) 
0.11 0.12 0.09 
(c) 
Mean length of plant top 
(cm) 36.2 36.5 
40.4 
48.5 32.0 25.5 22.0 27.6 23.2 
* July harvest . Note that wi th in the nodulation categories there was no relationship 
to fungicide treatment except in the case of LD category where the Ceresan and Spergon 
yielded much less t h a n the Nil and Thiram (0.22. 0.21 comp. 0.67, 0.75). 
Table 11 
Comparative summary of criteria of compatibility of fungicides with Rhizobium leguminosarum 
Cri ter ion Pano-
gen 
Ceresan C u p r o x Thiram C a p t a n Phvgon Spergon 
A. Laboratory tests 
1. Agar diffusion (Table 1) 
— — + + . •Л, + + 
2. Toxicity ratio (Table 1) + + + — + + + • + + 
3. Survivors on seed (Table 2) + — + J . J . + 
B. Plant tests 
4. Seedling agar (Table 3) 
5. Sand culture (Table 4) 
6. Soil cores (Table 5) 
7. Field trial (Tables 7 - 9 ) n.t. 
— + 
n.t. 
+ + + 





— = incompatible 
+ , + + , + + + = compatible in increasing degree 
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substances (e.g. Panogen and Ceresan) did quite badly with Phygon and Spergon and fai led 
to distinguish between Thiram and the inferior Cuprox and Captan. The best correlated 
laboratory result was the percent surviving rhizobia on the treated seed which clearly separated 
Thiram from the rest. 
Plant tests neither in seedling agar, nor in sand watered with nutrient solution were 
hv themselves in sufficient to screen off all less satisfactory chemicals. However, glasshouse 
trials with undisturbed soil cores were quite adequate and correlated very well with the f ina l 
criterion — the f ie ld trial. 
M . K E C S K É S , J . M . V I N C E N T 
Research Institute of Soil Science and Agri-
cultural Chemistry of the Hungarian Academy 
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CONTRIBUTIONS TO T H E P A P E R OF E. I. KOVÁCS: "THE 
GENETICALI R E L A T I O N S OF P R E F O R M A T I O N AND E P I G E N E S I S ' ' 
P U B L I S H E D IN T H I S PERIODICAL, 21 ( 3 - 4 ) 
HAS T H E CONCEPT OF E P I G E N E S I S B E C O M E OBSOLETE? 
Works of this character — in our opinion — have to be welcome, since in this respect 
there is a great need in the science of biology. There are theoretical physics, general chemistry, 
but neither theoretical nor modern general biology exist, although they are badly wanted. 
Therefore all activities that would promote their existence mus t be supported. I t is considered 
very useful to assess from time to time the conceptual changes of terms used in the science 
of biology and trace them back to the classics, as in the classics of biology there are quite 
a lot of presentiments found which are inspiring even today. I t can be stated tha t there are 
but few sciences which make as bad use of their historical inheritance as biology does. It is, 
thus, of great importance to throw light upon the theoretical problems, clarify the actual 
meaning of concepts and express them — if possible — w i t h up-to date terms. 
However, in our opinion the work in question does not fulfill these requirements and 
objectives. The author seems to have m e t the heterogeneous interpretation of the concept 
of epigenesis in the literature while s tudying other subjects rather than to intend to solve the 
problem by an independent systematic investigation. This m a y he the explanation for the 
author relying on a part of the relevant literature and on a few citations only. Although 
the authors cited are famous representatives of the science of biology, a few citations are still 
not sufficient to settle such an important problem. Views much rather than definit ions ought 
to be analysed. 
Both in the literature used and among the works cited there are monographs dealing 
specially with this question, text-books written for university students, books merely touch-
ing upon the problem, experimental works, etc. The authors are botanists, zoologists, pale-
ontologists, etc. This wide scope makes the work more dif f icult and requires great circum-
spection. A much clearer position could be taken if treatment were limited to zoology, by 
separating works of embryologie and genetic relation, and restricting analysis to theoretical 
elaboration. 
A further deficiency is the absence of an analysis of Max Hartmann's, Alfred Kiihn's, 
Needham's, Mirsky's, Markert's views, because, for example, i t would be interesting to find 
out w h y some of them did not use the term epigenesis. The genetic vocabulary written by 
Rieger et al., which includes the word epigenesis, also should have been taken in consideration. 
Clarification of the concept of epigenesis would have required, further, a study of its correla-
tions with closely related concepts. It is here that — in our opinion — a parallel analysis 
of the concepts of induction, organization, self- and dependent differentiation belong. 
The absence of a discussion of gene activity and inactivation — which are not even 
mentioned — is a further deficiency of the work. Analysis of the question of preformation 
is also lacking. While the author is right in considering this concept much more unambiguous 
than the concept of epigenesis, in the course of time it too has undergone a considerable change. 
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E.g. Max Clara writes in his text-book that it is the place of development rather than the 
organ or tissue that is preformed. Some of the citations (e.g. Goldschmidt page 2. paragraph 2.) 
seem quite meaningless, while others are so short and isolated from the c o n t e x t that one 
can hardly know what the author wants to say, or there is not enough background for the 
reader to control by himself whether he has understood the citation correctly. E.g. the last 
line of paragraph 2. on page 3: " . . . epigenetic systems . . . m a y occur in the nucleus too". 
Or the last line of the last paragraph on page 4: " . . . even the fertilized eggcell does not con-
tain the complete information material of the grown-up indiv idual . . .". 
I t is because of the deficiencies l isted above that — in our opinion — the essence of 
the work has got lost; namely, the historical development of the concept of epigenesis is not 
apparent, it is not quite clear why a new- definition is necessary, whether this concept must 
really be discarded or only concretized and restricted on the basis of new knowledge acquired. 
Nevertheless there would have been an opportunity to meet these requirements even on the 
basis of the literature cited, and the original objectives of the work too would have been 
attained in that way. I t is not quite clear either, whether there are really differences of prin-
ciple between the authors cited, or it is s imply a question of approaching the concept of epi-
genesis from different aspects. 
The inain reason for the déficiences mentioned above is supposedly the intention of 
the author to keep to the essentials. This is a laudable aim otherwise, but the theoretical 
works of biology cannot be built on a few citations, further, works of this nature by all means 
require an appropriate extension too. 
In the first paragraph of the Comments on page 4 there is a fundamental error: in 
the author's opinion the amount of information expresses the extent of disorder. According 
to text-books in general, information in the last analysis means order, and something which 
has no kind of system cannot contain any information. For this very reason, f r o m a physical 
point of view information can be readily brought into connection with the conception of 
entropy in thermodynamics. In this sense we can accept that the author, wrote disorder instead 
of order, since the amount of information can be expressed wi th negative entropy. Therefore 
a theoretical start from the interchanged signs would not be blamable, but towards the end 
of the paragraph the confusion becomes evident . Namely the author writes that in the course 
of ontogenesis the information material has to decrease. In this case it is not a question of 
information content, but of an amount of information, which increases w i t h orderliness. 
If the author really means information content instead of an amount of information, then his 
s tatement may be correct, but this ought to he explained more closely and the first disturb-
ing sentence about the amount of information omitted. W e have a feeling tha t the author 
is uncertain in dealing wi th the concepts of information theory in other places too (page 4, 
paragraph 2). True, he refers in the meant ime to Raven. Accordingly, living creatures receive 
a large amount of information from the environment during morphogenesis. Then, after a 
casual sentence the author says that the redundance factor is higher in the adult , while later 
writes about the information content as being higher in the adult. In this form it is not clear. 
According to the usual definitions redundance is in no connection with the content or the 
amount of information; it is related with the reliability of information transmission. We con-
sider a code optimum when it expresses a given amount of information with the fewest pos-
sible signals. A series of signals is redundant when it contains a higher number of signals than 
necessary for the same information content . The author arrives at the final conclusion that 
the concept of epigenesis had better be placed in a museum. 
We are not convinced of the correctness of the author's opinion, as the science of biology-
uses hundreds of words the conceptual backgrounds of which are not quite clear. The biolo-
gists understand each other, and even an uncertain terminology makes m a n y descriptions 
simpler. According to the classical interpretation epigenesis was the opposite of genesis, 
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but in the course of time, with the development of the biological sciences the concept of epi-
genesis has differentiated according to the interpretation of various phenomena without the 
classical view becoming meaningless. We think that the concept of epigenesis has not become 
completely obsolete. 
A concept which has lost its actuality automatically ceases w h e n scientific progress 
has gone beyond it, as often seen in the history of science. We agree, however, that the concept 
of epigenesis must be carefully dealt with, and when using it we must define how it should 
be interpreted. 
When all is said we think that the paper gives little. Its f inal conclusion, that in the 
living creatures there are determination and realization mechanisms, and that the two are 
correlated is contained in every text-book; and the statement that both are found in the 
unicellular organisms too while the realization mechanism is missing in the viruses is a generally 
known axiom. 
In Hungary there is a great need for papers of this character, as they are published 
in such a low number that there is simply no choice. For this reason the publication of the 
paper may be useful for the Hungarian biologists in spite of all its deficiencies; however, 
the confusion about the content of information, amount of information and redundance ought 
to he settled. It must be made clear whether the author means the mechanism of determina-
tion or that of realization, and the following questions should be answered: what informa-
tion is received by the organism from the environment and what is it used for; is there a real 
decrease of entropy in the course of onto- and philogenesis; and how can the entropy correla-
tions be used with an open sys tem of stationary stage? 
I . T Ö R Ő , T . Á C S 
Semmelweis Univers i ty Medical School 
I lnd Department of Anatomy 
Budapest 
W H A T CONCEPTS S H O U L D B E A P P L I E D IN THE E X P L O R A T I O N 
OF STILL U N K N O W N EVOLUTION PROCESSES? 
The paper is a critical exposit ion with the concept of epigenesis, as it arose in the 
18th century as a counter-hypothesis against the preformation theory, and is actually em-
ployed by biologists. The Author first gives a short review on the origin of the epigenesis 
theory. The first main part contains a compilation of definitions from which it can be seen 
how the concept is applied in modern biology. The author indicates at the same time how 
the word "epigenesis" is applied by various authors in very different correlations and with 
different meanings. 
The second main part contains a criticizing comment by the author on the present 
employment of the concepts of preformation and epigenesis. He points to the fact that i n the 
up-to-date experimental investigations of evolution two processes have been revealed: the 
genetical information, through which the evolution is determined and the realization mechan-
ism, which comprises replication, transcription, translation, as well as genetical-physiological 
regulation mechanisms and in turn depends upon the determination mechanism. B o t h are 
operating together in the ontogenesis. 
On the ground of the short but thorough and very criticizing exposition with the 
problems and foundations of the experimental examination of evolut ion the author comes 
to the conclusion that in consideration of the more recent knowledge, old words — which 
nowadays are already deprived of sense — such as epigenesis and epigenetic processes, should 
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no longer be employed. In the exploration of still unknown evolution processes such concepts 
should be applied which denote exact ly what should be examined, correspondingly to the 
present state of knowledge, namely the determination-mechanism and the realization me-
chanism. 
The paper of Kovács is a very good contribution to the clarification of concepts which 
are used in working with biology. On one example he demonstrates, how not-clearly defined, 
historically burdened words contribute rather more to the veiling, than to an elucidition of 
the problems. 
C . H A R T E 
Univers i tät zu Köln, 
Institut für Entwicklungsphysiologie, 
5 Köln-Lindenthal, 
Gyrhofstrasse 17. 
A B E L A T E D DISCUSSION ABOUT P R E F O R M A T I O N A N D EPIGENESIS? 
M hen dealing with the his tory of science we — naturally — take out the old authors' 
writings and revise the early f indings . Ervin K o v á c s dr. too begins his work in this way, 
although he does not intend to rev ive researches carried out in the past ; he keeps the claim 
of biocybernetics in view: to exp la in the concensus of genetic information and realization 
mechanism. I admit that it was n o t at once that I found out what it was all about, and there 
is no such statement in the paper either. It took reading the paper through several times to 
recognize its real purpose, and t h o u g h it is only an imputation that the author looks toward 
cybernetics I do not believe that he would deny it . It is no question of late discussions; the 
point is to uncover still living anachronisms in order to see clearly. Kovacs's paper activates 
questions of la tent state, and such questions, at that , as familiar even in quite recent works; 
e.g. the concept of epigenesis is discussed without any comments in the reduced size 1971 
edit ion of the Természettudományi Lexikon (Encyclopaedia of Natural Sciences) as if it were 
an unambiguously clarified rather than a dim term. The following quotation from Rajki et 
al.'s book is h ighly relevant here: "I t is necessary to protest not so much against the phlo-
gistonization of scientific language, as against the demand to consider this phlogistonization 
compulsory for all ." (Metabolism and heredity . . . Martonvásár 1972; p. 39.) 
Beside the problem of us ing clear and up-to-date terms the paper raises a long dis-
cussed question too while touching upon the genetic implications of preformation and epi-
genesis. One of the problems m a y be put like this: is the information content of the zygote 
identical with the content of the adul t organism? I think the above cited book with the suc-
cessful experiments on the autumnalization of summer wheats described in it gives an answer 
to this question. (Sapienti sat!) 
Another periodically recurrent problem—which Ervin Kovács dr. treats casually and 
of which he gives his opinion only in brackets —is whether or not the virus is a living organism. 
Truth may have more than one side; a virus getting out of an animal or plant — more prop-
erly called now a virion — cannot, indeed, be a l iving organism, since it has no enzyme system 
and, consequently, no metabolism. But the vegetative virus becomes and remains part of the 
l iving organism until it is joined in the latter's metabolism. 
The question catalyzes i tse l f further; was the virion reduced into inorganic matter 
from one or another of the l iving systems? Can it be regarded as a bacterium which has lost 
i t s metabolism-enzyme system w i t h only the nucleic acid representing the genetic informa-
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tion left in a protein cover? Or is the virus a catalyzer inorganic from the beginning, w i t h 
a tendency to become a living organism? 
I think science has made a concession in these questions when regarding the virus as 
a transition between living and dead matter. 
V . F R E N Y Ó 
Institute of Plant Physiology, 
E ö t v ö s University, 
B u d a p e s t V I I I , 
Múzeum krt. 4/a 
W H A T IS GAINED B Y REPLACING 
T H E T E R M EPIGENESIS W I T H OTHER T E R M S ? 
In my opinion, the term epigenesis, denoting the theory that new structures and organ-
isms develop from an originally undifferentiated mass of living material in the course of 
embryonic development, is a general term and is useful because of this. It is, therefore, n o t 
ambiguous, but rather it is useful to describe development as being the complex interaction 
of genetic and non-genetic processes. 
It is hard to see what advantage in understanding, or clarity, is gained by substituting 
the term "determinative mechanism" for genetic system; or, for substituting the term "real izer 
mechanism" for epigenetic system. Perhaps specific experimental results might make the 
meaning of "realizer mechanism" better understood, but as it is, it seems to carry the s a m e 
meaning a° epigenesis. I do not see the need to add another term to make the issue more con-
fusing. 
There is nothing wrong in describing ontogenesis as an epigenetic process when this 
has the meaning of complex interaction of genetic and non-genetic processes. The author 
is of course right when he states that terms such as "epigenetic factors" do nothing to exp la in 
the unknown complexities underlying morphogenesis. However, deleting the term epigenesis 
and replacing it with other terms also does not further our knowledge of the processes invo lved 
in morphogenesis. 
No reference is made to recent research in developmental biology; the most recent 
reference given is 1963. 
W . F . G R A N T 
Genetics Laboratory. 
Macdonald Campus of McGill University, 
Ste. Anne de Bellevue 800, 
Quebec, Canada 
S H O U L D BOTH E P I G E N E S I S 
A N D P R E F O R M A T I O N BE P U T INTO A MUSEUM? 
The author, dr Kovács has a clear view on the guiding factors of development. The 
majority of geneticists would obviously agree with his opinion. There could be some objec-
tions, however, in two aspects. First, the literature of the last ten years is neglected in the 
article; second, some of the Author's reasoning seems to me not completely consistent. 
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Both, preformation and epigenesis are obsolete terms in their original sense. N o w a -
days they are regarded as naive curiosities in the his tory of biology. We have to admit however, 
that in the recent literature on embryology and developmental biology the reader of ten comes 
across scientific terms like "epigenetic system," b u t these are of different meaning, as dr 
Kovács also emphasizes, and o n l y the words are somewhat similar. In Waddington's (and 
also Nanney's) opinion (as far as I can understand) the epigenetic system is a sequence of 
genetically controlled realizing processes inf luenced (or canalized) b y the inner and outer 
environment. Dr Kovács criticizes this definition b y stating it is ambiguous, because it does 
not make "sharp distinctions between the genetic and non-genetic processes of development ." 
Later, under the "Commentary," having previously altered the term "epigenetic mechanism" 
to "realizing mechanism" dr Kovács makes e x a c t l y the same "mistake": "The realizer 
mechanism includes replication, transcription, genet ic and physiological regulation systems." 
The separation would be extremely difficult, since the genetic and environmental factors are 
in close interrelationship, and even the external environment can be under "genetic" inf luence 
(as illustrated i n Fig. 13 in Waddington: The Strategy of the Genes. — George Allen and Un-
win Ltd., L o n d o n 1957). 
Dr K o v á c s recommends to put the word "epigenesis" into a museum. Provided this 
term means t h e original idea (or a modernized form of it, with basically similar concept), 
this proposition is obviously acceptable. It should be mentioned furthermore, that the word 
"preformation" is just as much obsolete, and therefore could he placed into a museum too, 
keeping in mind , that preformation is not quite identical with predetermination, since it 
presupposes the presence of the form (and not j u s t the information on it) in the gametes . 
G . V I D A 
Research Inst i tute for Botany of the 
Hungarian Academy of Sciences, 
Group of Microevolution, 
Budapest II , Zilah u. 6. 
W H E N DO T H E TERM D E T E R M I N A T I V E MECHANISM 
A N D R E A L I Z E R MECHANISM BECOME S U P E R F L U O U S ? 
E. I. K o v á c s discusses the usefulness of the term epigenesis in the analysis of the 
development of an individual organism. Epigenesis means the ordered sequential transcrip-
tion and translation of genes or groups of genes as we observe i t during the development 
of a cell, an organ or an organism. The term also covers the interaction of the genes with 
each other and the interplay of the genotype w i t h the environment during development. 
Kovács would l ike to see this term abolished. I agree that terms do not solve problems. Indeed, 
the word epigenesis has contributed little to the elucidation of the problems of development. 
As a descriptive term it appears today unfortunate because — as Kovács points out — it 
covers too m a n y and too diverse phenomena, phenomena which furthermore in an eukaryotic 
cell must he h ighly complex. Increasing numbers of mechanisms that control gene act iv i ty 
negatively or positively are being uncovered and each of these mechanisms helps us to under-
stand some aspects of development. 
Kovács proposes to describe the development of an individual organism as regulated 
by the determinative mechanism and the realizer mechanism. The former is limited b y the 
genetic information (the idiotypus) available to the cell or organism at any one t ime. The 
latter comprises the conditions and the molecules necessary to express a certain genetic 
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message. These terms become superfluous as soon as we can describe a developmental sequence 
by all the involved molecular steps. This goal has already been achieved in a few cases. 
The morphogenesis of a T4 phage particle as studied by Edgar and Wood is in principle 
completely known and no longer requires the assumption of unknown mechanisms. As soon 
as the D N A of the particle has entered the bacterial host, the phage genes are transcribed 
and translated in the order in which their products are used to assemble some hundred new 
phage particles. In this case the sequence is established by the linear order with which the 
genes are arranged on the phage genome. Certain of the produced phage components have 
the properties of self-assembly, others require an enzyme for their assembly. Translation of 
the phage messenger RNA takes place on bacterial ribosomes. This type of cooperation we 
are likely to encounter in eukaryotic cells as well . Many messenger RNAs transcribed from 
nuclear genes are translated on cytoplasmic ribosomes, others probably on chloroplast ribo-
somes. Some messenger R N A s transcribed from organelle D N A in turn might be translated 
on cytoplasmic ribosomes. 
The morphogenesis of A phage particles as analysed by Szybalski and coworkers is 
likewise ef fected by an ordered sequence of transcription, whereby genes or groups of genes 
are transcribed as soon as their promoter site is available for the RNA-polymerase to act. 
Transcription starts at one point on the chromosome but proceeds in two different directions, 
thus providing an extra parameter for the regulation of the developmental events. Phage A 
illustrates another important aspect, namely t w o alternative "developmental" cycles of the 
phage. In one situation the phage genome (prophage) replicates as an integrated portion 
of the bacterial chromosome. This lysogenic cycle continues for m a n y cell divisions; it con-
tinues as long as the A repressor protein covers a certain gene of the phage. Alternatively 
the phage enters the lytic cycle resulting in the production of new phage particles and lysis 
of the bacterium. This route is taken when the repressor protein fails to be synthesized or 
when it is modif ied in its conformation, so that i t can no longer bind to the gene in question 
and therefore permits its transcription. 
These developmental sequences are relat ively simple and therefore understandable in 
principle through the sequence of molecular s teps now known. I believe that the complex, 
interdigitated developmental sequences apparent in the ontogeny of a higher organism will 
also be understandable, as soon as we have mapped the molecular events occurring in the 
eukaryotic cell. Plant cells operate with a large amount of genetic information in the nucleus, 
a smaller amount of genetic material in the chloroplast and a still smaller amount of DNA 
in mitochondria. Plant cells translate the transcribed messages on either cytoplasmic or 
chloroplastic or mitochondrial ribosomes. The compartment in which a given protein is synthe-
sized is frequent ly not the one in which it is p u t to use. 
I t is a primary task of developmental biology to determine in a given organism for 
each individual protein molecule the location of i ts gene, the t ime of transcription, the site 
of translation as well as the cellular site of its function. To give an example: Wi ldman and 
coworkers have recently discovered that the C 0 2 f ixing enzyme in chloroplasts of tobacco, 
the ribulose-1.5-diphosphate carboxylase consists of two polypeptide chains, one of which 
is coded for by a nuclear gene and the other b y a gene located in chloroplast D N A . 
As our picture on different molecules, organelles and cells is filled in this way , we 
will grasp how an organism grows and develops. 
D . VON W E T T S T E I N 
Institute of Genetics, 
University of Copenhagen, 
0 s t e r Farimagsgade 2A 
DK-1353 Copenhagen К 
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WHICH A R E T H E EVENTS DETERMINING T H E DEVELOPMENTAL FATE 
OF A CELL? 
Panta rhei and the concepts of science are constantly changing. The emerging new 
methods open new perspectives for science which result in new concepts and models in the 
interpretation of scientific phenomena. In the science of development the application of better 
microscopy put to an end the concept of preformation (a mostly philosophical one) and 
created an epigenetical way of looking at developmental processes. The methodological 
facilities of our t ime have led to a molecular approach of biological events which have been 
adopted for analysing developmental processes. 
In the fol lowing I should like to deal with the determination problem of development. 
WADDINGTON (1957) in the causal analysis of epigenesis (epigenetics) concludes that 
the end products of development show a discontinuous variability i.e. the developing end 
products separate themselves in a discrete manner. There are no intermediates, if so, t h e y 
are insignificant. I t means that the evolving end products are determined. This is the central 
idea of epigenetics. The epigenetic landscape of Waddington — created as a three dimensional 
model for the demonstration of the developmental process — is a subject of the determining 
genie effects (or gene products) in a coordinated system. The coordinated genie effects create 
the "necessary paths" (creode). The cross section of the landscape "indicates the strength 
of the system to return to normality 'the intensity of homeorrhesis"' (developmental homeo-
stasis). The emerging of the landscape is therefore determined by the genes (or gene products) 
and the changing of one gene (by mutat ion) does not cause concrete changes in the process 
as a consequence of the strong interaction of the different genes which decide the profile of 
the landscape. Therefore if a cell takes its position on some point of the starting line of the 
landscape — its fate is determined. 
Which are the events which bring the cells on the different points of the landscape, 
which determine their developmental fates? This course of events is the determination process 
b y which the cells become determined. 
"Determination is among those indispensable terms in tne vocabulary of embryol-
ogists and geneticists which is most difficult to de f ine" and "Determination is a process, 
which initiates a specific pathway of development by singling it out from among various 
possibilities for which a cellular s y s t e m is competent" (HADORN 1965). The cleaving cells of 
an embryo become determined before differentiation starts and this is realized after accepting 
a signal from somewhere. The location for the formation of a puff on the chromosome is de-
termined, the formation of this puff , however, starts after being signalled by ecdyson. During 
embryogenesis at one time (probably in the blastomere) the cell becomes determined and is able to 
transfer this stable determined state during long cell generations. Thus in the early phase the 
zygote has a tot ipotency and this is lost during the cleavage at the advent of determination. 
What are the mechanisms by which the determination probably effectuates? On the 
level of DNA: chromosome diminution, somatic cell elimination, heterochromatization. 
These are gross structural changes which probably bring the cells to be determined. Other 
possibilities for the determination are the reversible/irreversible inactivation (repression) or 
activation of specif ic loci on the chromosome. These are the cause of the "differential release 
of informations" (SCHULTZ 1965). This means minor structural (functional) changes of the 
chromosome inducing a process which later, together with gross structural changes, appear 
(puffing, lainpbrush) to set synthetical processes going ( D N A = gene amplification of R N A 
genes; RNA = m R N A synthesis). 
But these are changes on the level of DNA caused by determination. The questions 
now are: what is the time and the place, and when and where do the cells become determined 
in the developing embryo? 
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BENZER (1971) introduced the "fate mapping" of the embryo (Drosophila) b y using 
the mosaic technique. The results clearly demonstrate that the pos i t ion of the cells in the 
blastomere determines the fate of the descendant cells. That is to s a y the determination 
takes place at the t ime when nuclei are enclosed into distinct cells, and the membrane forma-
tion starts. Garen concludes tha t the determination "is not a func t ion of the nucleus . . . 
The effect of mutations in the mother (Drosophila) f ly , which is expressed only in the 
developing egg, implies that some pattern of information may be laid down even before fer-
tilization." Its seems therefore t h a t not only those informations realized during develop-
ment which are programmed in the nucleus but the cytoplasm, its metabol ic loops, autonomic 
structures, also have some effect o n the determinative processes. 
The subtle interaction of the genetical informations and the cytoplasmic states (micro-
ecological successions) and perhaps other programming tools of t h e developing embryo 
are the devices for determination. The diversity of the cellular events are so manifold during 
development that some people are hardly able to accept that every step of the develop-
mental program is laid down in the genes (structural and regulator) of the organism. I t is 
unlikely that the genome contains so much information for the behaviour of every cell during 
the developmental process. My opinion is — and I suppose I do n o t stand alone in that 
question — that in the events of development we mus t know precisely how they occur during 
determination and formulate in molecular terms what happens when a cell becomes determi-
nate and we must know what k ind of reciprocal event s the whole process depends on. Unti l 
then — I am afraid — the whole question remains rather a matter of semantics. 
K . S Z E N D E 
Inst i tute for Soil Science and Agrochemistry 
of the Hungarian A c a d e m y of Sciences, 
Budapest II, H e r m a n 0 . u. 15. 
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CAN D E V E L O P M E N T B E CONCEIVED AS PREFORMATION? 
In his paper "The genetical relations of preformation and epigenesis", KOVÁCS (1972) 
discusses various modern definitions of epigenesis and concludes that mos t of them are am-
biguous. The idea of preformation is much more unequivocal than that of epigenesis. I t would 
be desirable to put the obscure and ambiguous word "epigenesis" i n t o a museum. Instead 
of a preformational and epigenetic mechanism, he prefers the terms "determinative'.' and 
"realizer" mechanism. Both mechanisms operate simultaneously in t h e process of growth, 
differentiation and organization. 
18* Acta Agronomica Aeademiae Scientiarum Hungaricae 22, 1973 
2 7 4 FORUM 
Though agreeing to a large e x t e n t with these views, I should like to make some comments . 
In my opinion the ambiguity of the term "epigenesis", emphasized by Kovács, is mainly 
due to the fact that this concept has no positive content. Through the ages, "epigenesis" 
always denoted the negation of preformation. Whereas the latter term pointed to some mecha-
nism supposed to provide an explanation of the phenomena of development, "epigenesis" 
in itself did not indicate such a mechanism, but merely the lack of i t . This holds both for the 
epigeneticists of the 17th and 18th centuries, repudiating the "predelineation" of the adult 
in either egg or sperm, and for the epigeneticists of this century, rejecting Wilhelm Roux' 
"predetermination" of the embryo in the fertilized egg. 
The failure of the epigenetic view to provide an explanation of development is the more 
serious, since the whole antinomy of preformation and epigenesis is c losely linked up wi th the 
problem of order and disorder in nature. It is one of our deep-rooted intuit ive convictions that 
order does not arise "by itself" out of disorder. In physics this has led to the various formulations 
of the second law of thermodynamics. In biology the apparent increase in ordered multiplicity 
during development offers nearly unsurmountable difficulties to our understanding, since it 
seems to be in conflict with this prescientific conviction. Therefore, those striving after a scien-
tif ic explanation of development a t all times have tried to get round this difficulty by assuming 
that no new-formation of ordered spatial multiplicity during deve lopment took place, since 
the ordered structure of the adult animal somehow preexisted from the beginning (preformation). 
It is quite easy to repudiate and ridicule this theory. I t is less easy to replace it by a better one. 
Anyhow, mere rejection of the preformationist v iew (epigenesis) offers no solution. Most epi-
geneticists of the 17th and 18th centuries were aware of this and had recourse to some kind of 
vitalistic agent, creating order out of disorder. But our modern epigeneticists in general did not 
follow Driesch on his road to v i ta l ism. Rejecting both preformation and vitalism, they do not 
supply an alternative theory and leave us empty-handed. 
In order to arrive at a satisfactory theory of development, do ing justice both to the 
apparent facts of morphogenesis and to our conviction that order cannot arise out of nothing-
ness, it will be necessary to start from a purified and modernized not ion of preformation. This 
concept has been reconsidered b y VON UBISCH (1942) and by myself (RAVEN 1952). We both 
came to the conclusion that a scientif ic explanation of the phenomena of development is pos-
sible, without having recourse to "vitalistic forces", if a certain a m o u n t of preformation is 
accepted. This modern version of preformation is distinguished f r o m the "predelineation" 
of 17th century embryologists as well as from the "pre-determination" in the sense of R o u x by 
the fact that it only demands t h a t the ordered multiplicity of the egg cell is quantitatively 
equivalent to tha t of the embryo developing from it (pre-diversification), without any condi-
tions made as to the localization of the extant differences. If this requirement is met, an ade-
quate description of development in terms of physics and chemistry seems thermodinamically 
possible. 
At the t ime, this requirement of quantitative equivalence of the structure of egg and 
embryo seemed a rather abstract postulate, since no method could be indicated to measure 
the amount of "ordered multiplicity" of a system. Since then, however, the rise of information 
theory has provided us with the possibility to measure "order" and express it in numbers. This 
enabled a new approach to the problems of development. 
ELSASSER (1958) has the merit of first stating clearly that the theory according to which 
the egg contains all necessary information for its development into an adult, means a modern 
version of preformation theory, whereas the opposite view, according to which part of the rele-
vant information is gained during development from other sources, can be called epigenesis. 
Elsasser himself decided in favour of the latter view. I, on the other hand , accepted the prefor-
mationist thesis as a starting point for applying information theory t o the problems of devel-
o p m e n t ( R A V E N 1 9 6 1 ) . 
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SHANNON (1948) was the f irst to define A useful measure of information, usable in the 
comparison and evaluation of communication systems. For a wider applicat ion of information 
theory in science, however, it is BRILLOUIN'S book (1956) that is especially important. 
Brillouin distinguishes between "free" information, an abstract quant i ty , which general 
information theory is dealing with, and "bound" information, relating to a physical system, 
in which the possible choices are interpreted as micro-states (complexions) of the system in the 
sense of thermodynamics. This bound information is related to the concept of entropy. 
Every physical system is incomplete ly defined. The values of some macroscopic variables 
are known, but it is impossible to speci fy the exact position and velocity of all particles. The 
greater part of the information on the micro-structure of the system is lacking. Entropy is 
often defined as a measure of disorder in a physical sys tem, but according to Brillouin it is more 
correct to consider entropy as a measure of our lack of information on the real structure. In 
consequence of this lack of information there are a great number of micro-states between which 
we cannot distinguish in practice. If more information on the system is obtained, some con-
figurations may be precluded; the number of possible micro-states, and hence the entropy of the 
system, diminishes. Therefore, increase of information means decrease of entropy. Bound infor-
mation is the negative of entropy (negentropy). Information can also he considered as the dif-
ference between two entropies, S 0 before information was acquired and S 4 after that, hence 
I = s0 - sv 
A comparison of various physical systems shows that the importance of such a sys tem 
as a carrier of information increases in proportion to its negentropy. A s y s t e m possesses negen-
tropy when the distribution of its e lements deviates from a random distribution, so that there 
are local differences in temperature, pressure, electrical potential, chemical composition or 
other variables; hence, when it has a spatial structure. 
A great deal of confusion has arisen from the fact that the term "information" has been 
used differently by Shannon and Brillouin. Information according to Shannon (77) is a measure 
of the uncertainty in the system, hence of possible (potential) information; this has also been 
called "selective information" (Mackay). Brillouin, however, is dealing with acquired (or 
actual) information (7), also called "descriptive information". It is evident that within a sys tem 
potential and actual information (77 and 7) are complementary. 
This can be further elucidated by the following considerations m a d e by GATLIN (1966). 
If nothing is known of a system and therefore all micro-states have an equal probability, the 
uncertainty is maximal (77max). If observations are made and hence information is acquired 
on the system, some states will become more, other ones less probable; therefore the uncertainty 
diminishes. The acquired information equals the difference between the max imum uncertainty 
and the uncertainty (770bs) remaining after the observation: 7 = 77max — 77obs . The probability 
distribution becomes maximally unequal when complete information about the state of the 
system has been acquired. One of the p f s in Shannon's formula 
H = —Z Pi log2 Pi 
i 
then has become = 1, the others are zero, the remaining uncertainty 77o b s = 0, and 7 m a x = 
= 77max. In other words: the maximum amount of information obtainable about a system equals 
the maximum amount of uncertainty existing beforehand. 
It is further important for the application of information theory to material systems to 
bear in mind the relative nature of information measures. The calculated information content 
of a system depends on the choice of the elements considered as information carriers and on the 
number of classes distinguished. If the elements and classes selected are small , a very detailed 
information is obtained, but a great part of it may have no importance for the purpose. To give 
an example: for the estimation of the information content of a book it is n o t necessary to take 
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account of the place of each particle of the printer's ink. For the application of information 
theory to a physical system, therefore, as a rule part of the total information ( H m a x ) can be 
left out of account as irrelevant information, either because it is not recoverable in principle or 
in practice, or because it is w i thout importance for the question at issue and would only supply-
valueless detail. It must be decided from case to case which part of the information is relevant 
in the context. Of the relevant information, part is redundant as a rule. What remains after 
elimination of redundancy, is the specific information that characterizes the system. 
Much of the confusion and equivocation in the use of the t e r m information in biology-
can be ascribed to the above-mentioned causes. For instance, when authors, in a paper on the 
application of information theory to development, write that "the information content of an 
organism would be the same whether living or homogenized" (APTER — WOLPERT 1965), they 
evidently have fallen a victim to the usual confusion of information and entropy, confounding 
total uncertainty (H m a x ) and relevant information. The latter is conditional on the conservation 
of negentropy which is lost during homogenization. It seems to m e that a similar confusion 
plays a part w hen Kovács ( l . c ) w rites that "the degree of disoreder can be expressed quantita-
tively by the information content" and concludes that the increase in the degree of organiza-
tion during ontogenesis brings about i decrease in information content . 
In my book "Oogenesis" (1961) and. more extensively, in a recent book in the Dutch 
language (1968), I have tried to draw up a consistent theory of animal development considered 
as the processing of information. A brief outline of this theory will be given here. 
As a first approach, we will confine our problem to the development of the species-speci-
fic structural pattern, leaving individual phenotypic differences o u t of consideration for the 
present. It is evident that this is the problem that mainly interests the embryologist: he 
studies the development of the chick, not of this individual hen. 
It must be emphasized tha t the concept of "species-specific pattern", as used here, is 
not intended to mean some "metaphysical essence" of the species, b u t is taken quite pragmati-
cally as the sum-total of its main distinguishing traits. We may then s a y that animals in general 
inherit this pattern from their parents. Though its development is only possible in a certain 
environment, environmental factors hardly ever are able to alter it into the pattern of a differ-
ent species, although they m a y g i v e rise to various modulations of the pattern. 
This l imitation of the problem greatly facil i tates our task. I t means that only informa-
tion bearing upon the development of the species-specific pattern has to be taken into account, 
all other information being considered irrelevant. 
The preformationist thesis now is that all information re levant to the development of 
the species-specific pattern is transmitted from parents to offspring in the form of structural 
particulars of the fertilized egg cell. Together they constitute a message, written in a code, which 
is decoded and processed during development, leading to the establishment of the species-spe-
cific pattern. Environmental factors may modulate this pattern, but do not determine its main 
traits; therefore, information extracted from the environment is irrelevant in this context. 
ELSASSER (1958) has repudiated the preformationist view. His main argument is the 
improbability of the assumption that the information content of the adult organism is wholly 
contained in the germ cell from which it develops. It is evident, however , that what Elsasser is 
talking about is the total information content ( H m a x ) of the system. That this is larger in an 
adult than in an egg cell of the same species is self-evident. During development a large increase 
in total information content occurs both by augmentation of redundancy of the message (e.g. 
in the repeated reduplications of D N A during cleavage) and by the uptake of irrelevant infor-
mation from the environment. B u t this does not mean that something new is added to the 
inherited message: the specific information remains the same. 
From the point of v i e w of the embryologist, interested in the development of the 
species-specific structural plan, therefore the preformationist thesis provides a satisfactory 
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starting point for the establishment of a consistent theory of development. However, other 
points of view are conceivable in which development plays a part e.g. tha t of the population 
biologist, interested in the adaptation of individuals to a varying environment, or of the psy-
chologist, who studies mental development in the human child. It is ev ident that in such cases 
the emphasis is placed quite differently. The information extracted from the environment, which 
has been called irrelevant above, in this new context must be included in the relevant infor-
mation, since it has, in conjunction wi th the factors of heredity, a determining influence on the 
development of the individual. Clearly, a preformationist view is out of the question here, as is 
most evident in mental development in man, where storage of new information in the brain 
m a y continue in principle to the end of individual life. One might therefore call this an example 
of "epigenesis", but we can agree with Kovács that this term only serves to conceal our ignor-
ance. The manner in which the information transmitted by our senses is laid down in the struc-
ture of the brain is still largely unknown, but there is no reason to think that it will remain so 
for ever. 
Evidently, whether development can he conceived as preformation or not depends on 
our point of view. As rightly remarked by Kovács, actual ly the structure of organisms is the 
result of the joint influence of genetical and environmental factors. Just as in all manifestations 
of life, we find also in ontogenesis a combination of two more or less opposite tendencies: on 
the one hand, the conservation and careful transmission of valuable attainments; 011 the other 
hand, the exploration and exploitation of new possibilities offered by the environment. I t 
depends on us which model we prefer to apply to our f ie ld of study. 
C H R . P . R A V E N 
Zoological Laboratory, 
Univers i ty of Utrecht , 
Utrecht, 
Janskerkhof 3. 
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IS IT R I G H T TO DIVIDE T H E D E T E R M I N I N G A N D R E A L I Z I N G MECHANISM INTO 
P A R T S ? 
"Homo sapiens sapiens" has been aware of the existence of heredity for thousands of 
years. The prehistory of mankind and the myths are eloquent proofs of this fact. Since then we 
have been burning with curiosity to solve the mistery of heredity. 
After the first naive ideas of the dim past the panspermia theory of Anaxagoras (500 — 
428 B.C.), Hippokrates (460—370 B.C.) and Demokritos developed. This was followed b y the 
doctrine of preformation which was built on an already much firmer factual biological knowl-
edge. The third step, the postulat ion of epigenesis, is in essentials the recognition of biological 
processes being not as simple as so far believed. 
Today, in possession of an immense biochemical and biophysical knowledge we know 
much more details of the regularities of inheritance and ontogenesis. 
Following the demonstration of the existence of a genetic code and the partial recogni-
tion of the individual phases of ontogenesis we now know more — a n d that in a different w ay — 
about this process than even ten years ago. In the revolution of the science of biology the rapid 
development of genetic knowledge was of decisive importance. In spite of this fact we cannot 
say even today that the details of the mechanism of transmittance and ontogenesis are in every 
respect clear. On the contrary, we must admit that the picture, instead of being simpler and 
easier to survey, is becoming more and more complicated. 
The preformists could not be right as they thought the mechanism of transmittance too 
simple. Still they were not on the wrong track in spite of the fact that their theories were almost 
exclusively built on empirisin and logical sequences. Today we k n o w that preformation really 
exists in the hereditary transmittance, only it is not like that imagined by Spallanzani or Leib-
nitz. The situation is similar wi th epigenesis. In a certain sense the process of ontogenesis is 
really epigenesis, only it is not as simple as thought by Wolf and his disciples. 
The genetic code complement of copulating gametes is really preformed, but it does not 
consist of perfect characteristics only of their determinants. And the ontogenesis is not the 
simple growth of miniature embryos but a multiple process which produces the characters of 
the embryo from an "amorf" state . Thus the predecessors were on the right track, and it was a 
pity that they could not reconcile the two theories as Nanney tried to do so later. 
The w a y E. I Kovács put it in his brief summary is, in essentials, a new categorization 
of preformation and epigenesis — or in Nanney's formulation genet ic and epigenetic classifi-
cation. Kovács attributes the process from fertilization to the complet ion of ontogenesis to the 
actions of determining and realizing mechanisms. 
The new definition is appropriate, and the statement that the combination of these two 
mechanisms was of decisive importance in the beginning of "life" is also relevant. 
The determining mechanism is, in fact, a tendency to stabilize. The realizing mechanism 
is the possibility of mobilization. In this sense we can accept the distinction of the two actions. 
Otherwise we might ask whether it is right to divide a fundamentally uniform sequence of func-
tions supplementary and conditional upon one another into parts. 
The demonstration of the existence of the D N A code and the recognition of the partial 
processes of transciption, translation and protein synthesis have opened a broad perspective 
for genetic research. In a short t ime the purposeful alteration of heredity may become possible. 
But even then we must reckon with the situation so much characteristic of biological research 
that with the growing amount of information the processes will become more and more com-
plicated and more complex than supposed. 
J . L E L L E Y 
Szeged, 
Vidra u. 1. 
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GENETIC D E T E R M I N A T I O N AND V A R I A B I L I T Y S I D E BY SIDE? 
It is generally known that plant species, and individual plants,respectively, have some 
capacity for self-adaptation, as e.g. ecological pathological resistance, induced morphogenesis, 
etc. The appearance of characters is realized, and determination more or less modified by the 
state of nutrient supply and by the hormone interrelation which is inf luenced by the tempera-
ture. In this sense the ecological conditions indirectly influence the determined effectivity of 
the genetic system. The dynamic change of varieties, populations, stabilized ecotypes, etc . 
suggest that the genetic system has more than one possibilities of realization existing side by 
side, and one of them — the one that accounts for the change — has become effective. The 
cases of mutation and back mutat ion — especially when starting from a single variety — h a v e 
brought forth numerous (nearly all) types, or new, so far unknown forms of the variety circles. 
On the basis of experimental inductions we may suggest that besides the ecotypes existing as 
components of the flora the individual contains in a "latent" though "determined" form numer-
ous (innumerable?) genetic systems of known cult ivated varieties and unknown mutant t y p e s 
as a model of the epigenesis, which in the cases of back mutation is an especially conspicuous 
phenomenon. Although spontaneous and induced mutat ions as changes in the DNA structure 
are not yet known, from the point of view of molecular genetics an analogy has to be assumed 
on the basis of the data of microbial genetics. Determination originating from the u n i t y of 
structure and function in the biological organisms can supposedly be related with three essen-
tial stages: 1) during the ontogenesis, besides the stabi l i ty of the genetic system, morphogenetic 
changes that modi fy the realization of characteristics to a considerable extent; 2) mutat ions 
and back mutations inducing genetic changes, theoretically in a reversible form and within the 
limits of the variety; 3) macromutation changes of phylogenetic nature which cause signif icant 
qualitative differences, are irreversible and cannot be corrected with back mutation. In the 
course of the ontogenesis the three stages mutually overlap — or m a y overlap — each other 
in the plants, as a very consequence of endogenous induction controlled by the hormone inter-
relation. 
B . I . POZSÁR 
Inst i tute of Agrobotany 
Tápiószele 
WHY DOES T H E ORGAN-FORMATION P R E C E D E T H E TISSUE D I F F E R E N T I A T I O N 
I N T H E COURSE OF THE E M B R Y O D E V E L O P M E N T ? 
With a one-celled organism which performs all functions taken as a basis the information 
can be considered as continuous, where one phase fol lows another at certain intervals: repro-
duction, growth, differentiation and again reproduction. In the meant ime motion, nutrit ion, 
life processes take place. In a multicellular organism the chain of information is broken up due 
to the division of the functions, and its phases occur in different cells, then tissues without the 
process stopping. In these cells and tissues the result is a sort of differentiation. In the n e w 
organism produced through multiplication by the multicellular plants, during the period 
until the subsequent development of a new organism the phases of information branch as late-
ral chains of the informatory frame regarded as a cycl ic process in the life of the individual. 
In the above mentioned lateral chains, which through the occurrence of differentiation 
can be considered as the realization of the information, the quantity and quality of the infor-
mation material characteristic of the individual have in several cases — e.g. in tissue cultures — 
been experimentally determined. The question arises, however, to what extent and in what t ime 
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the various cell- and tissue types are able to act iv ize their full supply of information. I t may 
be put like tha t : to what extent is a certain type of cell or tissue able to regenerate, e.g. in the 
case of an injury, to recover i ts original form, or beyond its original form to produce e.g. a 
whole plant and with this act ivate hidden characteristics inherent in i t ? Thus we can say that 
information m a y enter in this case in various directions and various extents . Thus e.g. one of 
its forms is w h e n the tissue zone preceding the injury develops from a callus tissue. I n the 
other case the reactivization of t h e information is also partial; e.g. in tissue cultures f rom the 
callus there develops a different t y p e of tissue. The reactivization process of information can be 
considered complete when e.g. f r o m a cell there develops a whole plant , as in the case of the 
Beonia, or an organization form appearing as a n e w result: tobacco plant raised from a single 
pollen grain. A n d with this we h a v e arrived at the question of the tot ipotence of cells which is 
related with t h e extent of the reactivization of the information stored in the cells. 
The problem arises, further, that in the case of an injury, if a perfectly undifferentiated 
callus is formed, what is the determination mechanism that enters here like, as, in fact , in the 
ease of a hea l thy plant it does not appear at all, w e might say: it is not present, it is not con-
tained in its information. It occurs only after the injury. And when an injury is not fo l lowed 
by callus formation, information does not enter. A n d here comes the experiment. Under the 
influence of a certain treatment callus formation begins. In this case an information phase was 
introduced f r o m outside. 
But le t us see the tissue differentiation. It is the case of a multicellular plant organism 
As a result of fertilization, from a single cell two, t h e n four, then at the early torpedo stage of 
the embryo a great many cells develop. The formation of the primordial organ has already started 
and the tissue differentiation has hardly — if at all — begun. Here the formation of the organ, 
as a higher organization unit, precedes the tissue differentiation. Thus, the realization mecha-
nism too is at the cell, and not at the tissue level. Tissue differentiation is only a secondary pro-
cess. But let us return to the basic question. In the course of the differentiation in ihe cells 
composing the young plant organism the information material is either divided into two , or 
some of its parts become blocked. Probably the latter is the actual process. If, on the other hand, 
we start from the two-celled stage and proceed to the four- then eight-celled stage, and so on, 
then this blocking occurs immediate ly before the differentiation, or in the eight- and four- or 
occasionally two-celled form, respectively, but m a y take place continuously during the process 
of cell multiplication, too. 
P . GRACZA 
Eötvös Loránd University, 
Department of Applied B o t a n y 
and Histogenesis 
Budapest V I I I , Múzeum krt. 4/a. 
CAN THE T E R M E P I G E N E S I S B E R E P L A C E D BY THOSE OF GENETIC D E T E R M I -
NATION A N D REALIZATION MECHANISMS? 
V ith reference to the paper dealing with the question of epigenesis I should like to 
emphasize that the precise def init ion of the fundamental conceptions used is considered to be 
one of the mos t important tasks of any field of science. Owing to the more than usual difficul-
ties the biological sciences did not always solve this task as fortunately as e.g. the sciences of 
physics and chemistry. The author's initiation of th i s kind is, therefore, welcome. His solutions 
are, however, less satisfactory. While he is trying to clarify certain questions, new problematic 
ideas are thrown up in his exposit ion. I should like to pick out one of them. 
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The author obviously endeavours to separate the old historical ideological fight for pre-
formist and epigenetic v iews from the study on the genetic process of epigenetic control. As 
regards the latter, however, putting aside the fairly appropriate term of "epigenesis" is — in 
my opinion — not the right solution; the epigenetic process, as a partial phenomenon of pheno-
genesis, should clearly be distinguished from the epigenetic control. Waddington (1960), Gold-
schmidt (1955), Mayr (1963), Elsasser (1962), and in a somewhat different respect Nanney 
(1958) and many others have been trying rather successfully to clear up the confusion of epi-
genetic control, and suggest the term "ep igeno type" on this basis. They regard the epigenotype 
as a norm, characteristic of the given organism, of the interactions between the internal and external 
environmental factors involved in the development of the genetic basis and phenotype. 
In our opinion, the epigenotype, and therefore, in an up-to-date sense epigenesis itself, 
as a process are of "epi" character for the very reason that they have a regulatory s y s t e m in the 
background which — to some extent — is above the unrestricted manifestation of bo th the pure 
genetic determination and the environmental influences. 
The epigenetic control in our opinion — is no function of the extent, the information 
content transmitted by the parents manifests itself to, nor is it a function of the qualitative 
changes in the information content or of the informative effect of the environment, it is just the 
other way round, the epigenetic control is the coordinator of the manifestation of all these. 
This m a y be the explanation of the fact that in the ontogeny the realization of the genetic infor-
mation can be relatively restricted and become mutually one-sided, while in the regeneration, 
or so called recapitulation phenomena it can fully or partially be extended again. And it 
explains too, that the phenotype is not a restrained but a coordinated and, to some extent , quali-
tatively modified realization of the genotype. 
On the basis of the above we think that to accept the author's suggestion of putt ing the 
conception of epigenesis aside and speaking only of determination and realization mechanism 
would mean an undesirable simplification when analysing the role of the epigenetic sys tem and 
the concept of epigenotype. The epigenetic control like any kind of bioregulation — is an 
important precondition of the appropriate realization, and cannot be identified with the reali-
zation proper. 
B . F A L U D I 
Eötvös Loránd University, 
Department of Evolution and Genetics 
Budapest VIII, 
Múzeum krt. 4/a. 
W H Y SHOULD T H E PROBLEM OF T H E GENETIC A N D E P I G E N E T I C 
R E G U L A T I O N OF T H E DEVELOPMENT OF T H E ORGANISM BE R E V I E W E D ? 
The paper of Dr. Kovács was written on the base of information accumulated during 
the t ime of the molecular biology central dogma elaboration. Now the central dogma of 
molecular biology is revised in connection with the reversed transcriptases discovery. That 
is why the problem of the genetic and epigenetir regulation of the development of the or-
ganism must be reviewed on the base of new facts and hypotheses in the field of investi-
gation of RNA-regulation of DNA-synthesis. 
A . I . O P A R I N 
Bach Institut of Biochemistry, 
Leninsky pr. 33, 
Moskow, U.S.S.R. 
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CROSS-BREEDING W I T H J E R S E Y IN O R D E R TO I M P R O V E 
THE N A T I O N A L B R E E D S * 
Having been honoured to talk on the topic of using the Jersey breed in improving the 
national breeds I shall try to do this from a virtually practical aspect mainly by using our own 
experimental data and at the same t ime endeavouring to avoid a documentation on this sub-
ject . I must, however, point to the fact that a very vast number of scientists have published 
papers on this topic especially in the last two decades. Referring only to some of the most out-
standing ones the work of M. H. Fohrman, C. Wriedt, M. M. Lebedew, G. Schönmuth, etc. (see 
also annected references) should be mentioned. The publications — practically without excep-
t ion— demonstrate a positive effect in nearly all cross-breeding experiments wi th Jerseys. From 
these data it may well be stated that the Jersey breeders have developed a breed, which in 
a number of characteristics ranks f irst , compared to all the modern breeds of the World. 
Their efforts led to a vast gen reserve, which I am sure will be of great use in the decades to 
come for rendering different cattle populations more eff ic ient . The introduction of these gens 
into other breeds can also economize m u c h time in the course of selection work. In this context 
may I draw the attent ion to the most important characteristics influencing milk production 
and represented in the Danish Jersey and one other breed which is considered today as one of 
the most popular milk producers: the Canadian Holstein. Table 1 shows that while the Cana-
dian Holstein ranks f irst in milk quantity , the Jersey takes the lead in butterfat-, milk protein 
content , milk (4 per cent FCM) per 100 kg live weight which latter seems the most reliable 
indication of efficiency in overall milk production (Table 1). It would take many decades to 
develop these qualities to such a perfection in any breed. For this reason I think the statement 
of Lerner and Donald according to which "the Jersey and the Holstein Friesian breeds might 
well include all the gens which are needed in the future cattle breeding" is l ikely to be very near 
the truth. 
Numerous experiments for improving milk production, the butterfat- and milk protein 
content of the milk, the udder conformation in certain breeds all show a very positive effect of 
the Jersey breed. The object of these experiments and breeding programs is generally to attain 
a certain Jersey gen-ratio, such as 12.5 per cent, 25 per cent , or 50 per cent. Such large cattle 
populations have been produced for example on our advice in the G. D. R., but also in a number 
of other countries. In our Hungarian breeding programs we produced populations with 75 per 
cent Hungarian Fleckvieh and 25 per cent Danish Jersey gen ratio, by keeping up the breed 
characteristics of the Fleckvieh. This population is created by using Jersey bulls with a colour-
inheritance allowing to be dominated by the red and white of the Fleckvieh. See Fig. 1 repre-
senting the Danish Jersey bull Danaknaegt and his son from a Hungarian Fleckvieh cow (Figs 
1, 2). This type of bull of the F, generation is mated to the Fleckvieh cows and this population 
* Report delivered at the World Conference of the Jersey Breeders on 3rd July, 1972 in 
Aarhus (Denmark). 
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Та Ые 1 





Milk kg 3707 5690* 
Butterfat kg 225 212 
Butterfat % 6.06* 3.73 
Milk protein kg 159 188 
Milk protein % 4.30* 3.3 
Fem kg 4852 5460 
Live weight kg 420 650 
FCM/100 kg live weight 1155** 840 
Age at first calving, months 24* 27 
* This shows the great possibilities in combination 
** The most evident factor of nutritional costs of milk production 
Fig. 1. D A N A K N A E G T imported from Denmark to Hungary has produced a great number 
of sons of Fleckvieh character and is considered the main founder of the "Hungarian milking 
Fleckvieh" breed with 25 per cent Jersey, 75 per cent Fleckvieh gen-ratio 
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Fig. 2. Hungarian Fleckvieh X Jersey cross-bred F[ bull used for recrossing with Fleckvieh 
having 25 per cent Jersey gen ratio is then closed (Figs 3, 4). This population produces not o n l y 
more milk, but also has 0.5 per cent more butterfat, 0 .3 per cent more milk protein, a m u c h 
superior udder conformation and milkability, the characteristics of easy calving and connected 
with this a better conception rate, as well as a 2 — 3 months earlier maturity than in the case of 
the Hungarian Fleckvieh. Concerning the beef producing qualities the hind quarters are some-
what less muscled, the deposition of f a t t y tissues starts earlier and food-ccnversion is reduced 
by 4 per cent. Nevertheless the overall beef producing capacity of this population is about 6 
per cent higher than that of the pure-bred Fleckvieh, because the greater number of calves born 
and the earlier maturity of the stock more than compensates the mentioned negative effects . 
Another population of cattle we produced in Hungary has 50 per cent of Danish Jersey 
gen-ratio. This stock has a superiority of 1 per cent butterfat, 0.5 per cent milk protein, an 
additional superiority in udder conformation and milkabil i ty, an earlier maturity by 4 — 6 
months compared to the Hungarian Fleckvieh and a superior milk production (Fig. 5). T h e 
beef production of the individual animals is inferior to that of the Fleckvieh. The overall beef 
producing capacity of the whole population, however, ranks about the same as the Fleckvieh 
(101 per cent) due to the compensating effect of easier calving, earlier maturity. If utility cross-
breeding is practised with 30 per cent of the female stock by using Hereford or Charolais 
breeds the beef producing potential of this population can further be increased. These cat t l e 
populations with Danish Jersey blood represent about 34.000 in Hungary today and will prob-
ably increase considerably. 
Another population is now under construction which consists of 25 per cent D a n i s h 
Jersey and 75 per cent USA-Canadian Holstein. These cows of the experiment are actual ly 
producing an overall of 5000 kg milk in the second lactat ion with 4.3 —4.4 per cent butterfat 
and 3.4- 3.6 per cent milk protein (Figs 6, 7). This population is especially useful in building up 
dairy herds around the milk consuming centres. 
In connection with the production of the Jersey breed the relative production (4 per 
cent FCM per live weight unit) which has a considerable bearing on cross-breeding must be 
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Fig. 3. Hungarian milking Fleckvieh cow CSACSKA. Prod: av. of 4. lact. in 300 milking 
days: 8050 kg milk, 342.3 kg fat (4.25 per cent); max. prod.: 9380 kg milk, 428.8 kg fat (4.57 
per cent) 
Table 2 
Ratio per breed of cows attaining 3000 kg butterfat production 
in Denmark (1969/70) 
Breed 
A m o n g t h e 
milk record-
ed cows 
belong t o 
t he breed , 
% 
Among all cows producing 
more than 3000 kg bu t te r -






Average milk yield 
standardized 4 % 
but te r fa t (FCM) per 
100 kg live weight 
of the breed 
Danish red 38.8 12.6 (n = 30) 





42.0 19.7 ( n = 4 7 ) 





18.8 67.6 ( n = 1 6 1 ) 
(Av. 3453 B f , kg) 
420 1155 
(134%) 
dealt with. In pure breeding this may be demonstrated in Table 2 which I worked o u t for a 
European meat and milk study of FAO and which shows the data of the cows having produced 
more than 3000 kg butterfat b y the three leading breeds in Denmark (Table 2). It can be seen 
that comparing the three breeds (Red Danish, Dan i sh Friesians, and Danish Jersey), although, 
the Danish Jersey only represents 18.8 per cent of the total stock, 67.6 per cent of the cows having 
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Fig. 4. Scheme of the production of the "Hungarian milking Fleckvieh" with 25 per cent 
Jersey gen ratio 
attained 3000 kg butterfat production belong to this breed. The superiority is even more strik-
ing if we express this production in milk yield standardized to 4 per cent FCM per 100 kg live 
weight. This characteristic is the most important if we look for e f f ic iency in milk production. 
If we take the Red Danish for 100 per cent in this respect (860 kg of 4 per cent FCM) than the 
Danish Friesian produced 93 per cent (803 kg FCM) and the Jersey 134 per cent (1155 kg FCM). 
I think that this characteristic of the Jersey breed is not taken into consideration according 
to its due merit. The high relative production of the Jersey works out most strikingly in cross-
breeding too. Yet this is an item which is also not taken into account even by renowned scientif-
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Fig. 5. Hungarian brown cow of 50 per cent Jersey gen ratio. Max. prod, in 300 milking 
days: 6847 kg milk, 365.2 kg fat (5.33 per cent) 
Fig. 6. Cow of the population 75 per cent Canadian Holstein and 25 per cent Danish Jersey 
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Fig. 7. Bull of the population 75 per cent Canadian Holstein and 25 per cent Danish Jersey 
ic workers who generally only deal with the absolute figures of milk quantity, milk concentra-
tion, milkability, etc. For this reason it may be of special interest to visualize the big difference 
of the absolute production and the relative production (related to 100 kg live weight) in the 
Hungarian experiments (Table 3). The great superiority of the cross-bred stock over the pure-bred 
Hungarian Fleckvieh is clearly demonstrated in three lactations. This superiority expressed 
as a percentage is in the I lact. + 39 per cent, in the II lact. + 33 per cent and in the III 
lact. + 39 per cent. If we look at these figures in connection with relative production which 
means real efficiency, than we find in the I laet. + 71 per cent, in the II lact. + 62 per cent 
and in the III lact. + 75 per cent. It may well be stated that the superiority of the cross-breds 
is nearly doubled if you take into consideration the relative production. It follows that the Jer-
sey breed can not only transmit its considerable absolute producing superiority, but also its 
outstanding producing capacity per live weight unit. This means that the Jersey breed trans-
mits very important physiological and endocrinological characteristics, which realized in a 
larger cross-bred organism often also demonstrating hybrid-vigor leads to these outstanding 
results, which can be registered in all cross-breeding experiments although generally not full 
justice is paid to this very important item. Our large experiments which have been repeated 
several times strikingly reflect this superiority in food conversion as regards milk production. 
This means that for example the stock of 50 per cent Jersey gen ratio produces butterfat by 30 
per cent, milk protein b y 20 per cent less starch equivalent than the Hungarian Fleckvieh. 
A very remarkable and at first hearing puzzling fact is furthermore that the Jersey may 
not only play an important role in improving the milk producing ability of different breeds, 
but also introduce some characteristics into certain populations which improve the overall beef 
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Table 3 





on 4 % FCM 
Product ion of 4 % FCM 
per 100 kg live weight 
kg % kg % 
Hung. Fleckvieh 
I. Lact. 598 2481 100 415 100 
II . Lact. 647 3394 100 526 100 
III . Lact. 676 3479 100 515 100 
Hung. Fleckvieh X 
X D a n . Jersey F , 
I. Lact. 487 3450 139 708 171 
II. Lact. 530 4520 133 853 162 
III . Lact. 536 4839 139 903 175 
Table 4 
Some breeds of outstanding gen-combinations in milk and beef production* 
Characteristics i m p o r t a n t especially in milk product ion 




q u a n t i t y 
Fat 
% 





abi l i ty 
D a ü y 
gain 
Ear ly 











Friesian + + + + + + + + + + + + + + + + + + + + + 
XJS-Canadian 
Holstein + + + + + + + + + + + + + + + + + + + + + + 
Jersey + + + + + + + + + + + + + + + + + + + + + + + + + 
Fleckvieh + + + + + + + + + + + + + + + + + + + 
Hereford 
— — — — + + + + + + + + + ++ + 
Charolais 
— — — — + + + + + + + + + + 
Angus 
— — — 
— + + + + + + ++ + 
* Signs: + + + + excellent; + + + good; -j--f- medium; -j- poor; 
** A) Low cost of maintenance per cow; B) Easy calving 
*** Evaluation partly on subjective grounds 
producing efficiency. To demonstrate this fact it may be of interest to show a table (4) worked 
out for a FAO s tudy on milk and beef production in Europe. This Table 4 shows some well 
known breeds of outstanding characteristics (Table 4). Out of the listed 8 qualities the first 4 
serve mainly for the eff iciency of milk production, the second 4 on the other hand are especially 
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Fig. 8. Heifers descending of utility cross-breeding the "Hungarian brown" wi th Hereford. 
The heifers have a 25 per cent Jersey, 50 per cent Hereford gen ratio and serve as suckler cows 
important in beef production. The different European breeds show a manifold combination o^ 
the enumerated traits. This is especially true for the dual purpose breeds. It m a y be clearly 
seen from the evaluation of even the most outstanding breeds, tha t there is no ideal dual pur-
pose breed, but also no beef breed, which is up to the requirements in all respects. If the capac-
ity of growth rate is satisfactory, the ef f ic iency for calf production will fall behind. In milk 
production the situation seems less contradictory. It may also be seen that the Jersey breed 
not only ranks between the best in milk production, hut also has two characteristics, of the 4 
important ones which are highly estimated in the field of overall beef production. This is the 
reason w h y in recent years the Jersey breed also seems to be an attractive partner in producing 
a population of suckler cows. The small body size, early sexual maturity, ability to give easy-
birth even if inseminated wi th the semen of large sized breeds (Charolais, S immental , etc.), 
satisfactory milk yield, high milk concentration w hich, it seems, is less influenced by unfavour-
able environmental conditions, are all important qualities for a suckler cow stock. The effi-
ciency of the suckler cow depends on the q u a n t i t y of nutrients consumed per weaned calf per 
year. In more practical terms the suckler c o w which weans the biggest calf weight per live 
weight unit will be the most efficient. Such a cow should be of low maintenance cost , early 
maturity (calving at 22 — 24 months of age), a satisfactory milk producer and an e a s y calver. 
All these traits are characteristic for the Jersey. This is the reason why the Jersey breed will 
probably also become important in producing a suckler cow stock. Some data on this aspect 
were mentioned, when I talked about our Jersey cross-bred populations by giving their beef 
producing potential. In our further experiments the heifers descending from a ut i l i ty cross-
breeding of the 50 per cent Danish Jersey populat ion with Herefords serve as suckler cows (Fig. 
8, 9). These can be produced and used very economically: 
1. There is no necessity for fattening heifers which is generally an uneconomic procedure; 
2. The heifer stock for replacement need not be specially produced by pure-breedings 
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Fig. 9. Suckler cow calved at 22 months (25 per cent Jersey , 50 per cent Hereford gen ratio 
3. and the heifers can be cross-bred throughout their utilization with the most convenient 
beef breed e.g. for the first calving with the Hereford, or Angus and later withCharo-
lais or Limousin, etc. 
Our first experimental results are very satisfactory in this respect. The heifer produced 
in this way (25 per cent Jersey, 50 per cent Hereford, and 25 per cent Fleckvieh) sired at first 
b y a Hereford has a capacity of calving down without a n y casualties at the age from 21 — 24 
months (average ca lv ing age was 21.9 months). The weight of the calves according to the first 
calving age of the mother was: 
A t 19 months of age 26.7 kg (n = 9) 
A t 20 months of age 29.0 kg (n = 2) 
A t 21 months of age 28.5 k g (n = 2) 
A t 23 months of age 20.0 k g (n = 3) 
A t 24 months of age 25.0 kg (n = 1) 
A t 27 months of age 25.0 kg (n = 1) 
According to the opinion of the farmers it would not be difficult to let these heifers 
calve down at the ages of around 20 months without hav ing to fear calving difficulties or a too 
much reduced milk production. 
As far as milk production is concerned two items are of interest: 1) The quantity of milk 
of which only est imations are available but they indicate that these cows produce a quantity 
of 2000 2500 kg. 2) The concentration of the milk. A l though the cows have not been milk-
recorded systematically the few tests during the lactations indicate that such heifers have a 
milk concentration of 4.3 —4.4 per cent butterfat and 3 .6—3.8 per cent milk protein. This seems 
to be very important — also in such areas where the rainfall may sometimes be scarce, as the 
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concentrated milk producing stock, as already mentioned, seems less affected by unfavourable 
weather conditions. This sys tem of combinative breeding is shown in Table 5 and may be 
useful in making beef production more or less independent from mi lk production on a very 
economic basis (Table 5). This system of breeding and the suckler cow keeping m a y be eco-
nomic if the milk-beef price ratio is getting under European condit ions near 1 : 7 — 1 : 8. 
It may be stated from the shortly outlined experiments as wel l as the analyses of differ-
ent characteristics in cattle breeding that the Jersey breed has a very important part to play 
in the formation of the cattle of the future. This is probably true n o t only in milk production 
but also as far as beef production is concerned. In this context I must , however, point to the fact, 
that pure breeding and cross-breeding are no competitors. There is on ly a timely succession in 
these breeding systems. There is no effective and systematic cross-breeding without wel l founded 
pure-breeding. The Jersey breeders of the World have therefore not on ly the great ta sk of fur-
ther developing their excellent breed, but also to render it more and more adequate to be used 
for improving the national breeds of the different countries of the World. 
A . H O R N 
Institute of Animal Husbandry, 
University of Veterinary Medicine, 
B u d a p e s t VII, 
Landler J. u. 2. 
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PHYTOTRON AT MARTONVÁSÁR FOR ELUCIDATING R E L A T I O N S H I P B E T W E E N 
METABOLISM A N D H E R E D I T Y * 
The present paper is to discuss briefly the initial steps of our autumnization genetic 
research which led to the idea of the Martonvásár Phytotron, the air-conditioned chambers of 
our own making established since the early sixties and the design of the Martonvásár Phytotron 
under construction as well as its research orientation. 
1. At a Jubilee Scientific Conference held at Martonvásár in December 1959 upon cele-
brating the 10th anniversary of the foundation of the Agricultural Research Institute of the 
Hungarian Academy of Sciences, a report summarized the results of the first four years of our 
autumnization genetic experiments (RAJKI 1961). Therein it was s tated that in an initial stock, 
proved by conventional genetic analysis to be pure spring wheat, under environmental condi-
tions produced by appropriate combinations of autumn sowing t imes genetically pure winter 
wheat plants developed. 
On analysing the causes of autumnization we came to conclude during the discussion 
taking place at the above-mentioned scientific conference that both for establishing the proper 
content of environmental conditions determined by "appropriate" autumn sowings and to 
reproduce exact ly these experimental circumstances, phytotron investigations are necessary. 
This is w h y we decided upon the establishment of the Martonvásár Phytotron. 
2. Simultaneously, in order to meet research requirements plant growth chambers were 
made during the sixties in three steps through the co-operation of scientists and workshop 
technicians of our Institute. 
Thus, under our Institute's central water-basin in 1960 a roughly conditioned r o o m was 
established in which temperature ranged between 5 and 12 °C in winter and between 15 and 
22 °C in summer. Day-length was regulated by a switching clock and light spectrum b y cello-
phane filters. 
* Lecture delivered on May 27, 1972 at the Duke University, Durham, on June 22, 
1972 in the Ail-Union Genetics and Breeding Institute, Odessa, on June 24, 1972 in the 
Research Inst i tute for Wheat Breeding and Seed Production, Mironovka and on June 27 and 
28, 1972 in the Ail-Union Inst i tute for Plant Production, Leningrad and Pushkin. 
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In 1964 w e constructed a more advanced growth chamber, wherein conditioning of tem-
perature has been possible, during the first years, between 0 and 25 °C, but since 1969, by means 
of a built-in defrosting system, down to —5 °C, too. For lighting mercury lamps while for regu-
lating light spectrum filters and high-voltage neon tubes have been used. 
Two more air-conditioned chambers were constructed in 1967. One of the chambers was 
installed for vernalization in which temperature ranges between 0 and 2 °C and the necessary 
lighting is given w i t h high-voltage neon tubes. The other is a plant growth chamber, in which 
air temperature can be regulated between 5 and 25 °C and day-length as desired. The distance 
of plants from a l ight canopy consisting of fluorescent tubes is adjustable by raising or lowering 
the movable benches. In the plant growth chambers in the three steps (1960, 1964, 1967) l ight 
intensity at a d is tance of 50 cm from the light canopy, is 8 000 to 10 000 lux. 
3. In the growth chambers established in 1960 and 1964 basic research on vernalization 
biochemistry and autumnization genetics and in the air-conditioned chambers established in 
1967 mainly basic research on aneuploid and autumnization genetics have been conducted. 
These investigations have significantly contributed to elucidate the biochemistry and genetics 
of the autumnization process. It was proved (RAJKI 1967, RAJKI — RAJKI 1969) that the various 
environmental factors are able to exert their adequate effect on the nature of plant metabolism. 
This effect as an "information" can pass through the metabolic levels and the result of their 
interactions may become fixed in the reproductive cells as a new or modif ied DNA — a new 
inheritable property of the organism. In contrast wi th one of the two general principles of the 
molecular gene concept , that is Crick's central dogma (CRICK 1958), which, besides certain recent 
writings of the earlier "Western Debaters" (COMMONER 1968, CHARGAFF 1971), has been debat-
ed for the past year and a half by microbial geneticists too (TEMIN— MIZUTANI 1970, etc.), we 
have repeatedly postulated (RAJKI DÉVAY RAJKI 1970) the bilateral transfer of genetic 
information which was rendered probable for the first t ime six years ago (RAJKI 1966) on the 
basis of our autumnization research. Moreover, in our recent treatise (RAJKI — DÉVAY—RAJKI 
1972) an attempt was made to further develop the metabolism-biochemical concept of heredity 
and to make its necessary demarcation both from the molecular gene concept and the Michu-
rinian genetic concept . 
4. During the preparation of the Martonvásár Phytotron, in the sixties several West 
European and N o r t h American phytotrons were studied and on the basis of experiences gained 
both in the growth chambers of our own making and in the foreign phytotrons the Martonvásár 
Phytotron concept was formed. The expression of phytotron is used for a set of plant growth 
chambers1 and/or cabinets2 designed for a definite research program which may be completed 
with air-conditioned green-houses and artificially illuminable fields, too. 
In the Martonvásár Phytotron under construction in the making of our Experimental 
Farm's building t e a m , the air-conditioned green-houses are in part substituted by plant growth 
benches on which — uncontrollable sunlight being excluded from the rooms containing them — 
plants are to be grown under artificial lighting (nominal light intensity — 25 000 lux) which 
can be programmed in three intensity steps. The entire growing area of the fourteen plant growth 
benches is 60.2 m 2 . It may be mentioned here that for the last f ifteen years already we have 
been in the possession of an artificially illuminable f ield. 
Twelve p lant growth chambers and sixteen cabinets are the heart of the Martonvásár 
Phytotron. Their entire growing area is 62 m2: 39.6 m 2 for the chambers and 22.4 m2 for the 
cabinets. The chambers are of "spring—autumn" type with a temperature controllable between 
— 5 and 40 °C. The cabinets are of "summer" type with a temperature controllable between 5 
1
 The growth chamber is bigger than the cabinet and the operator can enter it. 
2
 The grow t h cabinet is smaller than the chamber and the operator reaches into it to 
handle plants. 
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and 40 °C. The nominal light intensity bo th for the chambers and cabinets is 50 000 lux, but for 
four cabinets — up to 100 000 lux which is equal to the max imum summer l ight intensity. In 
these units too light intensity can be programmed in three steps, but individual manual 
switches will give l ighting increments of l /15th. 
To the plant growth units two frost-resistance tes t ing or "winter" chambers are added 
wi th a useful area of 14.2 m2 . In these chambers the min imum temperature to be programmed 
is — 20 °C. 
Except the two "winter" chambers in all the 42 p lant growth units humidity conditions 
can also be programmed. 
Fig. 1. The maquette of the Martonvásár Phytotron 
In our air-conditioned units the maximum deviation from the programmed value can-
not be more than + 0 . 5 °C for temperature, ± 5 % for l ight intensity and ± 3 % for humidity 
at any point in one plane, at any time. All the units are self-contained with built-in air-condi-
t ioning systems which automatically correct deviations from the programmed temperature and 
humidity . Deviations from the programmed light intensity can be corrected by raising or lower-
ing the lamp fixture. The plant growth/testing chambers, cabinets and benches were delivered 
by Conviron, Winnipeg, Canada. 
The Martonvásár Phytotron is a two-storey structure (Fig. 1.) -50 X 50 m, in which a cen-
tral hall 30 X 30 m is situated in the centre of its second storey for housing the air-conditioned 
units . Air, water and electricity supply of the 44 air-conditioned units of the central hall is 
managed from rooms situated under the central hall. On two stories around the central hall 
laboratories for preparing experimental plant material (seed testing, sterilizing, vernalizing, 
storing, germinating, etc.) and for processing and further examining plants originating from 
the air-conditioned uni t s (cytological, histological, sterile conditions, chemical preparatory, etc.) 
as well as rooms for the staff and other facilities (workshops, shower-baths, etc.) are situated. 
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The ceremonial opening of the Martonvásár Phytotron will take place — after due trial 
operation which has been going on since early April on November 3, 1972. 
5. As to the research orientation of the Martonvásár Phytotron we started from our 
original phytotron concept. Accordingly, the Martonvásár Phytotron is aimed at the exact sci-
entif ic elucidation of the relationship existing between metabolism and heredity, and the objec-
t ive answering of this cardinal question in biology, genetics and phylogenetics. The latter will 
endeavour, at the same time, to establish scientifically the elaboration of exact methods for 
controlling certain major agronomic characters, first of all, winter and spring types as wel as 
frost-resistance and winter hardiness, in favour of practical plant breeding. 
As a basis for programming temperature, lighting and humidity in the phytotron, field 
and other experiments of the past one and a half decades, or rather their temperature, lighting 
and humidity tracings, will serve. The possibility for such solution can be well demonstrated 
by the autumnization at Martonvásár of certain Mexican spring wheats bred by Dr. Borlaug. 
The latter experiment started in the autumn of 1969 by using a method of autumnization which 
was elaborated at Martonvásár in field and growth chamber experiments as well as b y investi-
gations conducted in our cytological and physiological laboratories (RAJKI 1967, RAJKI— 
R A J K I 1 9 6 9 , R A J K I — D É V A Y R A J K I 1 9 7 0 , 1 9 7 2 ) . 
6. This autumnization experiment has been carried out in order to obtain winter hardy 
semi-dwarf basic material for wheat breeding and to control the reproducibility of the autumni-
zation research results. 
The Mexican spring wheats were selected, on the basis of the first year results of tlieir 
performance test (RAJKI—PÁL 1972). from those cultivars which seemed to be the most per-
spective in spring sowing under local conditions. The cultivars under study are as follows: 
Super X , Penjamo 62, Siete Cerros 66, Nainari 60 and Azteca 67. Together with these Mexican 
spring wheats the standard Hungarian spring wheat cultivar Kompolt i szálkás and the Russian 
Bezostaya 1 as a winter wheat control cultivar too have been sown. 
The method employed for timing the sowings is illustrated in Table 1. Here the sowing 
time combinations of September 1971 are shown only, nevertheless the sowing time combina-
tions of October 1971, November 1971 and spring 1972 also correspond to these. 
Hundred plants were taken from each plot in the summer of 1970 and also in 1971 and 
the following year experiments were sown with the seed blend of their first spikes. This was mod-
ified in the summer of 1971 in that the first spikes mentioned were broken into four parts 
and so the seed blend of these hundred quarter-spikes were sown in September, October and 
November 1971 and at the beginning of April 1972. 
In three rows, four meters long each, 320 seeds per row were sown in every sowing time 
treatment in 1969/70 and 1970/71. Owing to the great number of variants a single four meter 
row with 320 seeds per combination produced one plot in 1971/72. 
From each treatment of the September 1971 sowings several plants were replanted into 
pots on November 22 and raised in a growth chamber at a temperature of 18 — 22 °C. 
Along with the four series (September, October, November, spring) of the 1971/72 
sowing time treatments, a corresponding f i f th series too was raised in a growth chamber. This 
was sown on November 25 and plants were grown up at a temperature of 18 — 22 °C. 
Growth habit was determined on the basis of the type of young shoots as well as of the 
heading of spring and growth chamber sowings. 
In the growth habit of experimental plants there was no change whatsoever indicated 
both by the type of young shoots and heading in the first and second years of the autumniza-
tion experiments of the Mexican spring wheats. Due to the mild winters and the fair snow-cover 
there was no notable winter damage in the autumn sowings. 
The first signs of change in the type of young shoots appeared in mid-November 1971 
in several September sowing time treatments of certain cultivars. According to the results ot 
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Table 1 
Sowing time combinations of September 1971 
Martonvásár, 1971/72 
69 70 71 Sowing time combinations To" 7 Г ТГ 
Ear l i e s t a u t u m n S S s 
E a r l y a u t u m n S 0 s 
s N s 
Mid-ear ly a u t u m n 0 S s 
0 0 s 
0 N s 
L a t e a u t u m n N S s 
N 0 s 
N N s 
A u t u m n combined w i th spring sowing T S s 
T 0 s 
T N s 
s T s 
0 T s 
N T s 
T T s 
S = September О = October N = November T = Spring 
examinat ions , autumnizat ion took place in certain cultivars (Nainar i 60, K o m p o l t i szálkás), 
especially noticeably in the Mexican spring w h e a t Penjamo 62, in fact, in all t h e t e s t plants 
of the earliest autumn sowing combination. T h e change in the g r o w t h habit c o m p l e t e d for the 
third year in the earliest a u t u m n sowing t i m e treatment of P e n j a m o 62 was also indicated by 
the heading of plants replanted into the g r o w t h chamber on N o v e m b e r 22 (Table 2). Concern-
ing the change in the growth habit of P e n j a m o 62 the heading of plants in the ear l ies t sowing 
time t rea tment of the f i f t h series sown on N o v e m b e r 25 in the g r o w t h chamber, m o r e exactly, 
the lack of heading in the earliest autumn sowing time t r e a t m e n t , is an even m o r e convinc-
ing proof (Table 3). In some early autumn s o w i n g time combinat ions of Penjamo 62 autum-
nization w a s observable in approximately one third of the tes t p lants . At the s a m e t ime prac-
tically no autumnizat ion occurred in late a u t u m n and none a t all in those a u t u m n sowing 
t ime t r e a t m e n t s which were further combined wi th spring sowing . 
Over-wintering corresponded to autumnizat ion , i.e. in general autumnized plants sur-
v ived only . Certain temperature and snow-cover values of the 1971/72 winter are shown in 
Table 4. The 1971/72 winter ing was characterized both by the a lmos t complete lack of a fair 
snow-cover and the extreme f luctuat ion of n e g a t i v e and posit ive temperatures, t h e latter even 
in the pre- and post-winter periods. 
The morphology of the autumnized P e n j a m o 62 plants is similar to that o f the initial 
spring P e n j a m o 62 plants. 
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Table 2 





1969/70 1970/71 1971/72 
Penjamo 62 September September September 
+ Phytotron* 
Feb. 5 
Penjamo 62 Spring Spring September 
+ Phytotron* 
Jan. 22 
Bezostava 1 September September September 
+ Phytotron* 
Feb. 13 
* Plants replanted from nursery into growth chamber on November 22. 
Table 3 
Heading in growth chamber 
Martonvásár, 1972 
Cuitivar 
Sowing t ime 
Heading 
1969/70 1970/71 1971/72 
Penjamo 62 September September Phytotron . — 
Penjamo 62 Spring Spring Phytotron + 












Number of days wi th a radiation 
minimum temperature below 
— 10°C 2 3 l и 4 2 
Least value of radiation minimum, 
°C — 13.5 — 13.6 — 10.2 — 18.2 — 12.5 - 1 3 . 2 
Maximum air-temperature, °C 23.0 18.3 14.5 5.0 12.0 20.7 
Deviation of the month ly mean 
values of air-temperature from 
the many year averages, °C — 0.7 0.4 3.2 - 0 . 5 2.9 2.5 
Number of days wi th a fair 
snow-cover 0 5 0 4 0 0 
Deviat ion of the number of days 
wi th snow-cover from the many 
year averages 0 4.5 — 9.7 - 1 3 . 1 — 10.5 - 2 . 9 
* Data of the Martonvásár Agro-Meteorological Observatory of the National Meteoro 
logical Institute (Pletser J.). 
Acta Agronomica Academiae Scientiarum Hungaricae 22, 1973 
LECTIONES 3 0 1 
7. Autumnizat ion observed in the earliest and early a u t u m n sowing time combina t ions 
of the Mexican spring wheat P e n j a m o 62 was in ful l agreement wi th earlier conclusions reached 
in the course of the f u n d a m e n t a l research in au tumniza t ion at Mar tonvásár . 
W i t h the genetic in te rpre ta t ion of the ment ioned facts of autumnizat ion it should he 
borne in mind , t h a t the earliest and early a u t u m n as well as the mid- and late a u t u m n sowing 
time t r e a t m e n t s have so far "exper ienced" the same three winters. This — taking i n t o account 
also the es t imated rate of autumnizat ion as an adequa te genetic conversion — casts a priori 
doubts on the validity of in terpre ta t ions founded on original heterogenei ty and/or mu ta t ion . 
Certainly no comment is required to in terpret these facts f rom ei ther breeding methodology 
or pract ical wheat breeding points of view. 
In the Martonvásár Phy to t ron under const ruct ion there will most certainly be probable 
both to reproduce the changes in certain envi ronmenta l condit ions and to c a r r y on the 
exact tes t ing of their individual effects to which autumn-sown spr ing wheats are exposed . In 
the course of the au tumn vegeta t ion period they are as follows: g radua l ly decreasing tempera-
ture and l ight intensity, shor tening day-length, a spectrum becoming rich in red , i.e. those 
which are otherwise diametr ical ly opposed to t he corresponding tendencies prevai l ing in 
spring. F r o m these and similar investigations the elaborat ion of an autumnizat ion " r ec ipe book" 
for cul t ivars to be converted as well as for p lanned w inter type, and winter- and frost-resis tance 
is to be expected. 
S . R A J K I , E . R A J K I , M . D É V A Y 
Agricultural Research Ins t i tu te of the 
Hunga r i an Academy of Sciences, Mar tonvásá r 
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CHRONICA 
L Á S Z L Ó V A R G H A 
1 9 0 3 - 1 9 7 1 
On Ju ly 1, 1971, László V a r g h a , Member of t h e Hunga r i an A c a d e m y of Sciences, for-
mer ly professor of o rganic chemis t ry a t the H u n g a r i a n " B o l y a i " Univers i ty of Kolozsvár , 
d i rec tor of the P h a r m a c e u t i c a l Research Ins t i tu te , passed away . His dea th has been a g rea t loss 
for the Hunga r i an sc ient i f ic research in organic and pha rmaceu t i ca l chemis t ry . 
László V a r g h a was born in 1903 a t Berhida, where his fa ther was a Calvinist pas to r . His 
m o t h e r died when h e was a child, the re fo re , he did n o t go to secondary school in the nea res t 
t o w n b u t studied in t h e famous P r e s b y t e r i a n G y m n a s i u m a t P á p a ; here he f o u n d a second home 
in t he house of a r e l a t ive . After g r a d u a t i n g f rom secondary school with an " e x c e l l e n t " g rade his 
in t en t ion was to a t t e n d the Facul ty of Chemistry a t t he József Technical Univers i ty of Budapes t 
as his interest in chemis t ry was a roused already b y his excellent high school teacher who 
ass igned him to t h e preparat ion of class exper iments . T h e Technical Univers i ty , however , 
re fe r r ing to the r e s t r i c t ion imposed on t he number of s t u d e n t s , rejected his appl icat ion, so he 
was enrolled a t t h e F a c u l t y of Ph i losophy , P. P á z m á n y Univers i ty , where he main ly pu r sued 
chemical studies. A l t h o u g h at the beg inn ing he had been disappointed b y n o t being a d m i t t e d 
t o t h e Technical Un ive r s i ty , his exper ience a t the P á z m á n y Universi ty soon convinced h im t h a t 
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there he could carry on studies corresponding with his inclinations, and later he was even 
convinced tha t the rigid curriculum of the Technical Universi ty would have hardly given him 
oppor tun i ty to concen t ra te on scientific disciplines he was most interested in. I t was a fo r tuna te 
t u rn of events t h a t a t the Universi ty, where no depa r tmen t of organic chemistry exis ted at 
the t ime, Jenő Pacsu, ass is tant and pr ivate docent (later an eminen t professor a t Pr inceton 
Univers i ty) began work in organic chemistry in an almost autodidact ic way. As a senior 
s tuden t , Vargha obta ined a position in Pacsu 's l abora tory and, a f te r completing his f u n d a m e n -
tal s tudies in theoret ical and practical organic chemist ry , prepared his Ph. D. thesis unde r the 
direction of Pacsu on acyl migrat ion during the par t ia l saponif icat ion of diacylprotokatechual-
dehyde[ l ]* . In 1926 he g radua ted as Ph. D. in chemistry as his m a j o r subject and in physics 
and geology as minor subjects , wi th First Class Honours ( ' summa cum laude'). Upon the re-
commendat ion of Pacsu he was employed as pr iva te assistant wi th a modest salary in t he labo-
r a to ry of Prof. G. Zemplén who, a year later , helped him to ob ta in a travel grant w i t h state 
scholarship. In possession of this, as a member of the Collegium Hungar icum, he was engaged 
in ca rbohydra te research for two years a t Berlin Univers i ty as a coworker of Prof. H . Ohle. 
The t ime spent in Berlin proved to be very f ru i t fu l [2 — 5], and the success of his work made the 
chemist ry of carbohydra tes extremely a t t rac t ive for Vargha. The in t ima te and f r i end ly rela-
t ionship with his professor and the vivid scientific life in E . Fischer 's former ins t i tu te and the 
Berlin University in general undoubted ly con t r ibu ted to this. 
W i t h the t e rmina t ion of his Hungar ian s ta te scholarship, Vargha was d o u b t f u l of ob-
ta in ing employment at home, therefore, on the proposal of Prof. Ohle, he accepted a post of 
pr iva te assistant offered to him by Prof. A. Schönberg. This position brought him to t h e Insti-
tu te of Organic Chemistry, Technical Universi ty of Berl in-Charlot tenburg, where, however, 
ins tead of carbohydra tes he performed studies on organic sulfides. He soon became familiar 
wi th th is new subject as witnessed by the papers published in the course of the two years 
[ 6 - 1 1 ] . 
Return ing a f t e r fou r years of successful work abroad he shared the lot of t h e young 
intel lectuals of those days : he had to live for years on occasional Hungar ian scholarships of 
very modest size. He worked for a year at the Ins t i t u t e of Medical Chemistry, Ferenc József 
Univers i ty , Szeged, as an associate of Prof. A. Szent-Györgyi; then for a year at t h e Tihany 
Biological Research I n s t i t u t e as a subst i tu te for Sándor Müller who was staying a t t h a t t ime 
in Eng land on a Rockefeller fellowship. This was followed by two years at the Szeged Univer-
si ty, this time at the Ins t i t u t e of Organic and Pharmaceut ica l Chemistry headed b y Prof. 
Tibor Széki; f inally, he spen t one year at the P á z m á n y Universi ty , a t the Biological Ins t i tu te 
directed by Prof. Aladár Beznák. While these underpa id occasional employments only provided 
for ba re subsistence, t hey still rendered the unfolding of Vargha 's t a len t possible. This is proved 
hy the papers published a t t h a t t ime [12 — 24]. which made his name known also in professional 
circles abroad. These papers were mainly concerned wi th the results of his independent research 
on carbohydra tes . This ac t iv i ty was acknowledged by the Facul ty of Natural Sciences of the 
Ferenc József Universi ty in 1935 when Vargha was qualif ied as a pr iva te docent in t he subject 
of t he "Chemis t ry of Carbohydra tes" . 
In spite of this well-deserved moral recognition he still could not f ind a regular employ-
m e n t which would have pe rmanen t ly provided a be t t e r living. I t was in 1936 t h a t t he first 
oppo r tun i ty was offered to him when he under took the organizat ion and managemen t of the 
research laboratory of syn the t ic organic chemist ry in the Gedeon Richter Chemical Fac to ry , 
t emporar i ly giving u p his favour i te field of basic research in organic chemistry. However , the 
years spent at this post proved very useful since his a t t en t ion was called to the chemis t ry of 
pharmaceut ica ls and his views about the close connection be tween science and i n d u s t r y were 
* The numbers in bracke ts refer to the list of Yargha ' s publications. 
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conf i rmed . In his op in ion , without basic research in o rgan i c chemistry t he H u n g a r i a n p h a r m a -
ceut ical indus t ry h a d no real prospects of deve lopment . 
The possibil i ty of a wider range of basic research in organic chemis t ry opened up aga in 
a t t he end of 1940. H e was appointed professor of the F e r e n c József Un ive r s i ty resett led f r o m 
Szeged to Kolozsvár , a n d director of t he Ins t i tu te of O r g a n i c Chemistry. H e r e the moderniza-
t ion of the old i n s t i t u t e a n d the organiza t ion of educa t ion a n d research imposed much work o n 
h im, and he could e n j o y the results of his work only f o r a shor t time, because in 1945 he h a d 
t o resign in favour of P ro f . Tanasescu. I n consideration of his services, he was appointed b y t h e 
R o u m a n i a n educa t iona l authori t ies professor of H u n g a r i a n citizenship a t t h e newly es tabl ished 
H u n g a r i a n Bolyai Un ive r s i t y in Kolozsvár . His task w a s t o develop the n e w universi ty ins t i -
t u t e of organic c h e m i s t r y in a section of a building c o n s t r u c t e d to house a secondary school ; 
besides, he took ac t i ve p a r t in organizing the whole of t h e Bolyai Univers i ty . This was a d i f f i -
cu l t t a sk in the yea r s immedia te ly fol lowing the war . B u t ha rd ly was th i s work completed, i n 
1950 the R o u m a n i a n government d id n o t renew the c o n t r a c t previously e x t e n d e d on a y e a r l y 
basis , t hus László V a r g h a , after 10 yea r s of activity as a professor at Kolozsvár , faced again t h e 
worries of f inding e m p l o y m e n t elsewhere. 
After r e t u r n i n g to Budapes t in October 1950 he w a s appointed h e a d of section, t h e n i n 
1957 director of t h e newly establ ished Hungar ian P h a r m a c e u t i c a l Resea rch Ins t i tu te , a n d 
r emained at this pos t u p to the end of his life, tha t is fo r f i f t e e n years. At t he t ime of his a p p o i n t -
m e n t to head of sec t ion , the ins t i tu te opera ted t e m p o r a r i l y in an a p a r t m e n t house and it w a s 
du r ing Vargha 's a c t i v i t y as a director t h a t the new h e a d q u a r t e r s of the i n s t i t u t e with i ts pe r -
fec t ly equipped l abora to r i e s were bui l t . Heading this p r o j e c t , he again gave evidence of his ab i -
lities as an organizer ; he selected his associates with skill a n d they relieved h in t of much t r o u b l e 
b y t ak ing par t in t h e work of p lann ing and keeping a n eye on the implemen ta t ion of p l a n s . 
In recognit ion of his scientific act ivi t ies , in 1951 he was elected a corresponding m e m b e r , 
a n d in l964 an o r d i n a r y m e m b e r o f t he Hungar ian A c a d e m y of Sciences. I n 1956 he was a w a r d e d 
t h e Kossuth prize, in 1960 the Medal of Merits in Social is t Work , in 1963 t h e Order of L a b o u r , 
in 1965 the gold m e d a l of Eminen t I n v e n t o r . The i n t e r n a t i o n a l reaction t o his achievements i n 
ca rbohydra t e c h e m i s t r y was ref lected b y his election i n t o t he editorial b o a r d of " C a r b o h y d r a t e 
R e s e a r c h " , an i n t e r n a t i o n a l journa l s t a r t e d in 1964. 
Vargha 's sc ien t i f ic act ivi ty is evidenced by nea r ly 100 papers publ i shed mostly in i n t e r -
na t iona l journals in G e r m a n and Engl ish . In addition to t h i s , he has worked o u t numerous p h a r -
maceut ica l syntheses described in p a t e n t s . His studies c o v e r e d several b ranches of organic c h e m -
is t ry , though his a t t e n t i o n was p r imar i ly a t tached to t h e chemistry of ca rbohydra tes . Owing 
to t he interest ing r e s u l t s a t ta ined in this field, he c o m m a n d e d appreciat ion a l ready as a y o u n g 
chemis t even a m o n g foreign specialists. His scientific a c t i v i t y was charac ter ized by the t h o r -
ough knowledge of t h e relevant l i t e r a tu re , an excellent sense of criticism a n d inventive t h i n k -
ing. Being a very good exper imenter as well, in the l a t e r phases of his career when he w a s 
increasingly b u r d e n e d wi th the tasks of organizat ion a n d managemen t a n d his physical condi -
t ion — owing to his progressing disease — was g radua l ly impai red , he d id no t readily acquies -
ce in the fac t t h a t h is personal pa r t i c ipa t ion in the exc i t i ng process of pe r fo rming l a b o r a t o r y 
exper iments became more and more l imi ted . 
One of his e a r l y cont r ibut ions t o the chemistry of ca rbohydra tes , m a d e as a coworker of 
Ohle, is the synthes is of l ,2-0-isopropylidene-6-0-tosyl-D-glucofuranose (I) , then from th i s — 
a f t e r Vargha 's idea — wi th an equ imola r amoun t of s o d i u m methyla te , t h e preparat ion of t h e 
5 ,6-anhydro de r iva t ive ( I I ) . This was a new and s imple m e t h o d for p roduc ing sugar epox ides , 
successfully appl ied l a t e r by others too . F r o m epoxide I I . w i th alkali one ob t a in s 1,2-0-iso-pro-
pyl idene-D-glucofuranose ( I I I ) . On t h e o ther hand, nucleophi l ic a t t ack b y the hydroxide ion 
a t t he carbon a t o m in posit ion 5 yields t he tsopropylidene derivat ive of t he ra re D-idose (IV). I t 
was though t f i r s t t h a t , under the in f luence of excess s o d i u m methy la te , t he epoxide II w a s 
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converted t o l ,2-0- isopropyl idene-5-0-methyl-D-glucofuranose (V), t h e acid hydrolysis of which 
afforded 5-0-methyl -a -D-glucofuranose (VI). Th i s would have been t h e f i rs t known crys ta l l ine 
D-glucofuranose derivat ive. L a t e r , however, t h e t rans-opening of t h e epoxide ring was s h o w n to 
occur, l ead ing , ins tead of the D-glucose der iva t ive V I , probably to t h e L-idose d e r i v a t i v e V i a : 
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The s t r u c t u r e of the n e w sugar der iva t ives obta ined and t h e number of a t o m s in the 
lactol r ing h a v e been r igorously proved by f u r t h e r t r ans fo rma t ion . 
An in te res t ing result of t h e studies carr ied o u t in col laborat ion with Schönberg [6 —111 
was the t h e r m a l isomerizat ion of t h e aromatic t h i o n esters of th iocarbon ic acid into t h io l esters. 
This led to a convenien t m e t h o d fo r convert ing p h e n o l s into th iophenols , which c a n n o t be car-
ried out in a sa t i s fac tory m a n n e r with p h o s p h o r u s pentasu l f ide : 
pyr id ine 280° 
S = CCI, + 2 A r O H * S = C(OAr)„ * 0 = C< 
/ ) Ar 
4 SAr 
: O H - H „ 0 , r educ t ion 
> A r - O H + A r — S H — — * 1/2 Ar— S - S - A r *• ArSH 
V a r g h a ' s f i r s t i n d e p e n d e n t research p r o j e c t a t home — which he s ta r ted a t Szent-
Györgyi 's i n s t i t u t e in Szeged — soon yielded i m p o r t a n t results. I t was t hen tha t Szen t -György i 
isolated t he so called "hexuron ic a c i d " from red p e p p e r juice with r e m a r k a b l e ease a n d i n large 
quanti t ies . Th i s substance was f i r s t isolated b y h i m several years earl ier f rom a d r e n a l cor tex 
in a l engthy procedure . Because of i ts occurrence in plants and i ts reducing n a t u r e even in 
acidic media he considered th i s compound to be t h e elusive V i t amin C, an a s sumpt ion which 
he suppor ted b y animal tests , too . However, s eve ra l exper ts of v i t a m i n research d o u b t e d the 
correctness of th i s s t a t emen t , s ince the curat ive a n d prevent ive da i ly doses of h e x u r o n i c acid 
(1 mg/kg b o d y weight) observed in the animal e x p e r i m e n t s were larger by 2—3 orders of mag-
ni tude t h a n in t h e case of i so la ted , a l though n o t q u i t e pure, v i t amins . Thus his view t h a t the 
hexuronic acid m a y contain V i t a m i n С only as a n i m p u r i t y was unders tandab le . T h e n V a r g h a 
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prepared an isopropylidene der ivat ive of hexuronic acid which he r epea t ed ly recrystall ized, 
then regenerated f r o m it the hexuronic acid [14]. According to animal tes ts , this c o m p o u n d 
was — also quant i t a t ive ly — jus t as eff icient as the ini t ia l hexuronic ac id . T h u s hexuronic acid 
was proved to be identical with V i t a m i n C. After t h e determination of i t s s t ructure (1934), i t 
was named L-ascorbic acid. The following two observat ions of Vargha p rov ided a start ing po in t 
for the de te rmina t ion of the s t ruc tu re : a) isopropylidene-ascorbic acid — like ascorbic acid i t -
self — is a powerfu l reducing agent of acidic character which, when dissolved in water, decom-
poses into ascorbic acid and acetone [14 J ; b) ascorbic acid contains a p r i m a r y alcoholic h y d r o x y l 
group tha t can be tr i tylated [15]. 
During the short time he worked a t Tihany he elaborated an ingenious procedure for t h e 
simple synthesis of 1,2-0-isopropylidene-a-D-glucofuranose, which was ba sed — instead of t h e 
par t ia l hydrolysis of diisopropylidene-D-glucose — on the methanolic cleavage of 1,2-0-iso-
propylidene-a-D-glucofuranose-3,5-boric acid ester obta inable by the s imultaneous reac t ion 
of acetone, boric acid and D-glucose [16]. He soon uti l ized this m e t h o d in the synthesis of 
1,2-0-isopropylidene-D-mannite too [17], and with th is s tar ted a wide r a n g e of invest igat ions 
on sugar alcohols. These studies p roved to be very f r u i t f u l in his subsequen t research in p h a r -
maceutical chemis t ry . 
Af ter an erroneous first suggestion [21], he correct ly recognized t h e s t ructure of benzal -
sorbite [22], which had been described much earlier b u t i ts structure was unknown. He i m m e -
diately utilized his idea in the synthes is of L-xylose (accessible before only with d i f f icu l ty ) 
through the rou te VII — V I I I —• I X . At the same t ime , using the py r id ine technique, he iso-
merized L-xylose into L-xyloketose, a ketopentose which had been i so la ted by Levene a n d 
LaForge f rom ur ine as early as 1914, b u t only the synthesis of its D-an t ipode was k n o w n . 
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The synthesis of the previously unknown 5-0-methyI-D-gIucose ( X I I I ) f rom 1,2-0-
isopropylidene-3-0-tosyl-6-benzoyl-a-D-glucofuranose ( X ) via the r o u t e X XI -»- X I I ->-
X I I I [24] deserves special a t t en t ion . 
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I t is the preciseness of the work ra ther than the rou te of the synthesis t h a t is remarkab le . 
He has rigorously proved the absence of acyl migrat ion during the t r ans fo rma t ion X I -1- X I I , 
prepared a crystall ine derivative of t he syrupy end-produc t and has demons t r a t ed tha t t he al-
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D-glucose fo rm predominates in t h e end-product. This in itself is a very important s t a t e m e n t 
indicating the ext reme labili ty of the D-glucofuranose ring. 
Wi th th is publication w r i t t e n in the first d a y s of August, 1936, Vargha 's research in the 
chemistry of carbohydrates was in ter rupted for a while, as he b e g a n his work in the Gedeon 
Richter Pharmaceut ica l F a c t o r y . Among his pharmacochemical s tud ies performed or s t a r t ed 
there [25—28, 30]. the first to be mentioned is undoub ted ly the ingenious synthesis of trans-
l ,2-diethyl- l ,2-di-(p-hydroxyphenyl)-ethylene ( X V I I I b ) . This a r t i f ic ia l oestrogen compound 
was described b y Dodds and R o b i n s o n in 1937; in 1938 its synthesis s t a r t ing from anisaldehyde 
through anisoine, which demons t r a t ed its s t ruc ture , was also e l abora t ed and pa ten ted . I n the 
same year V a r g h a developed a m u c h simpler synthes is with i m p r o v e d yield (date of p a t e n t 
application March 30, 1938). A t t h e same time he synthesized der iva t ives containing o the r sub-
sti tuents ins tead of the two phenol ic hydroxyls, in order to be able t o s tudy the re la t ionship 
between biological effect and molecular structure. T h e starting m a t e r i a l was propiophenone or 
its 2-suhst i tuted derivative ( X I V ) and the target p roduc t (XVI I I ) w a s obtained via t h e route 
XIV — X V — X V I — XVII — X V I I I : a: R = OMe; b: R == O H ; c: R = Br; d: R = N H , ; 
e: R = H 
XVIII 
Thus, t he start ing ketone X l V a was conver ted into the (rans-st i lbene derivative X V I I I a 
which, upon demethylat ion w i t h alcoholic po tas s ium hydroxide, a f forded product X V I I I b 
(Stilboestrol). F r o m ketone X I V c no t only trans der ivat ive XVIIc b u t also its eis isomer was 
produced. B o t h compounds cou ld be t ransformed into trans de r iva t ive XVIIId via Cu„I, 
catalyzed ammonolysis . The pharmacological t es t of all these compounds , including X V I I I e 
obtained f r o m ketone XlVe, h a v e shown that t he phenolic hydroxyl group is a necessary con-
dition of the oestrogen ac t iv i ty . 
While a professor in Kolozsvár he carried on his studies on carbohydrates , b u t a t the 
saine time he maintained close re la t ions with the Hungar ian pharmaceut ica l industry. He con-
tinued [29] his earlier work [21, 22] on benzylidenesorbite, s tudy ing the hydrolysis in dilute 
acid of l-0-tosyl-2,4-0-benzylidene-5,6-anhydro-D-glucite (XX) previously obtained f r o m 2,4-0-
benzylidene-l,6-di-0-tosyl-D-glucite (XIX) by par t i a l detosylation ( sod ium methylate, MeOH). 
This reaction did not lead to a 1-0-tosylhexite (a D-glucite and/or D-idi te derivative could be 
expected) b u t to a l -O-tosyl-X.X'-anhydrohexite , which was shown t o contain two p r imary 
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and two secondary vicinal hydroxyls in trans position. This proper ty may be due to the 1-tosyl 
der iva t ive of both 2,4-anhydro-L-idite and 2,4-anhydro-D-glucite ( X X I a , X X I I a ) . A decision 
was reached in favour of X X I a since t he oxidation of the corresponding di tosyla te with lead 
t e t r aace t a t e yielded an optically ac t ive dialdehyde. The dialdehyde originat ing f rom the 
analogous D-glucite derivat ive ( X X I I b ) , being of the meso configurat ion, would have been 
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Vargha's a t t en t ion was often a t t r a c t e d by the isomerization and epimerizat ion of sugars 
and sugar alcohols [39] which is unders tandab le since the most convenient way of epimerization 
is t h r o u g h the epoxides, and the l a t t e r can be prepared b y the easily generalized method of 
Vargha and Ohle [6]. This has turned his a t tent ion towards t he 0-tosyl and 0-mesyl derivatives. 
One of his results in th is field is the relat ively simple synthesis of L-idose f rom D-glucose in good 
yield [41] via the following route. The tosyloxy groups of l,2-0-iso-propylidene-5,6-di-0-tosyl-
a-D-glucofuranose ( X X I I I ) , readily ob ta ined from D-glueose, can be subs t i tu ted by acetoxy 
groups via an SN2 react ion involving the inversion of the a symmet ry centre a t position 5. The 
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According to ch romatograph ic ev idence , the f reshly isolated syrup of L-idose is a pure 
c o m p o u n d . However, a f t e r s tanding for a week it is found to con ta in L-sorbose ( X X V I ) . The 
r eac t ion product becomes increasingly t u r b i d and, a f te r 3 m o n t h s , near ly 6 0 % of crystalline 
L-sorbose (XXVI) can be isolated. Thus t h e L-idose (which, according to i ts react ions , is pres-
e n t i n t h e equil ibrium m i x t u r e mainly as t h e al-form) is labile, in line wi th the f ac t t h a t neither 
th i s n o r i ts l ) -ant ipode occur in na tu re . I t s t r ans fo rma t ion i n to L-sorbose can be a t t r i b u t e d to 
s te reochemica l causes [41]. 
T h e work discussed above was V a r g h a ' s f i rs t publ ica t ion in the field of ca rbohydra t e 
c h e m i s t r y submi t ted f r o m the P h a r m a c e u t i c a l Research I n s t i t u t e ; it was soon followed by 
n u m e r o u s papers on t h e same subject . As a consequence t h e Pha rmaceu t i ca l Resea rch Insti-
t u t e h a s become an i m p o r t a n t base a n d , a t t he same t ime, school of Hunga r i an ca rbohydra t e 
r e sea rch . Numerous y o u n g researchers were in t roduced under V a r g h a ' s guidance to th is impor-
t a n t f i e ld of organic c h e m i s t r y and have b e c o m e in te rna t iona l ly k n o w n c a r b o h y d r a t e chemists. 
T h e f irst impulse t o ini t ia te s tud ies in this field in t he Pha rmaceu t i ca l Research Insti-
t u t e w a s given by V a r g h a ' s idea t h a t t he k n o w n cytosta t ics pa ra lyz ing cell division, and used 
to f i g h t cancer, are ma in ly derivat ives of subs tances re jec ted b y t he body, and th is m a y be the 
v e r y r eason t h a t their e f f ec t is not selective, t h a t is, they des t roy no t only the cancerous b u t also 
the n o r m a l cells, and i t is f r o m this t h a t t he i r high tox ic i ty or iginates . These considerat ions 
m o t i v a t e d his review ar t ic le wri t ten in co l labora t ion wi th six of his associates, publ ished in 
1961 [66]. This publ ica t ion summar ized t h e results of research carr ied on for t en years in the 
P h a r m a c e u t i c a l Research Ins t i tu t e w i t h t h e objec t of synthes iz ing sugar a n d sugar alcohol 
de r iva t ives containing cy toac t ive groups [47—49, 55, 56, 59, 65]. This work was con t inued also 
a f t e r 1961 as shown b y a considerable n u m b e r of papers on t he subjec t [71 — 78, 81, 82, 84, 
86—88, 93—96]. The s tud ies involved a g r e a t deal of basic research on ca rbohydra t e s , since 
V a r g h a , on the basis of h is great exper ience was deeply conv inced t h a t pha rmacochemica l 
r e sea rch is closely connec ted with basic r e sea rch in organic chemis t ry . The large n u m b e r of 
pub l i ca t i ons originating f r o m the P h a r m a c e u t i c a l Research I n s t i t u t e were w r i t t e n in this 
sp i r i t , t h i s laid the f o u n d a t i o n of the high in te rna t iona l r e p u t a t i o n of the I n s t i t u t e , and it was 
due t o th i s spirit t h a t severa l members of t h i s ins t i tu te rose to t he f i rs t r anks of Hungar i an 
o rgan ic chemists. 
A m o n g the cy toac t ive groups V a r g h a ' s a t t en t ion was p r imar i ly a t t r ac t ed b y the biolog-
ical a lky la t ing agents whose p ro to type was regarded to be t he so called n i t rogen mus t a rd 
( X X V I I ) , though 2,4 ,6- t r ie thyleneimino-sym-tr iazine ( X X V I I I ) and 1 ,4-d imesyloxybutane 
( X X I X ) m a y also be classed into this g r o u p . 
According to l i t e r a t u r e da ta , the n i t r ogen mus ta rd ana logues conta ining va r ious other 
g roups ins tead of the m e t h y l group do n o t surpass the biological effect of n i t r ogen mus ta rd , 
nor is t he i r toxicity lower. The re was a hope fu l possibility t h a t t h e ef fec t of a c y t o a c t i v e (alkylat-
ing) g r o u p a t tached to car r ie rs non-alien to t h e cell could be m a d e less toxic and t h u s m o r e selec-
t ive . O n this basis two previously u n k n o w n sugar alcohol der iva t ives ( X X X I a n d X X X I I ) 
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manni te ( X X X ) via the r o u t e X X X - X X X I — X X X I I . D e r i v a t i v e X X X I I h a d a the ra -
peutic i n d e x superior to t h a t of n i t rogen mus ta rd a n d , therefore, was soon introduced i n t o medi-
cal pract ice u n d e r the name " D e g r a n o l " . 
O : 
сн2 сн2—x;" ch2nh2(CH/:h2CI)2 
X ' H H O C H H O C H 
С ° { Н H S ( C H , I , , ( O Ç H H O C H 2 ^ 
HCO""' НСО""" неон 
1 I I 
нес неон неон ; о 
сн2 сн2 — N í ^ j C ' H 2 X H 2 ( C H 2 C H 2 C l ) j 
XXX XXXI X X X I I 
This resu l t cont r ibuted t o recognizing t he f a c t s t ha t a) the t w o " a l k y l a t i n g " g r o u p s need 
not necessari ly be at tached (as in the nitrogen m u s t a r d ) to the s a m e N-a tom to a t t a i n a cyto-
stat ic e f f ec t ; b) the hydroxyl g roups u n d o u b t e d l y contr ibute t o t h e favourable t h e r a p e u t i c 
index, since t h e hydrochloride of the l ,6-di-( /S-chloroethylamino)-hexane synthesized fo r com-
parison p r o v e d to be comple te ly ineffective. On t h e basis of this rea l iza t ion extensive s tud ies 
were s t a r t ed a t the Pha rmaceu t i ca l Research I n s t i t u t e ; numerous s u g a r a n d sugar alcohol der iva-
tives con ta in ing cytoactive g r o u p s were p repa red mainly with t h e v iew of s tudying t h e rela-
tionship b e t w e e n the s t ruc ture of the carrier molecu le and its c y t o s t a t i c effect and t h e r a p e u t i c 
index. I n add i t i on to sugar der iva t ives con ta in ing the cy toac t ive chloroethylamino group , 
derivat ives w i t h ethyleneimino a n d mesyloxy g r o u p s as well as a,co-dideoxy-a,co-dihalogeno 
sugar alcohols were also p r e p a r e d . On the basis of the known c y t o s t a t i c effect of t h e n a t u r a l 
ant ibiot ic azaser ine , diazo- a n d bis-diazo sugar der iva t ives were syn thes ized . 
I n accordance with t h i s object ive, the L - m a n n i t e , D-glucite, du lc i t e and L-idi te der iva-
tives ana logous to Degranol were f i r s t syn thes ized in order t o s t u d y the relat ion be tween 
asymmet r i c cen t res and biological effect ; 011 the bas i s of their pharmacologica l tests t h e impor-
tance of t h e chiral i ty of the a s y m m e t r y centres b e c a m e appa ren t , a n d a t the same t i m e the 
the rapeu t ic i n d e x was found to be the most f a v o u r a b l e in the case of t h e D-manni te de r i va t i ve 
which h a d been the first to be p repa red ( X X X I I ) . T h e halogen a t o m s of X X X I I were also var-
ied and t h e corresponding b r o m i n e derivative w a s found to have a m o r e favourable t h e r a p e u -
tic index t h a n Degranol. This is in line with the a s sumpt ion tha t t h e e f f e c t of biological a lky la t -
ing agents is d u e to their ab i l i ty to form cross-links between pro te in (enzyme) chains a n d nu-
cleic acids b y bonding to nucleophi l ic centres v i a the i r subs t i tu ted a lky l groups. 
The a ldonic acid-/S-chloroethylainides p r e p a r e d from the corresponding a ldon ic acid 
lactone a n d sacchar ic acid d i l ac tone , as well as sacchar ic acid and i t s D-manno-di- /?-chloroethyl-
amide p roved to be ineffect ive. A thorough knowledge of the c a r b o h y d r a t e s and a g r e a t inge-
nui ty are r e f l ec t ed by the s y n t h e s e s which resu l ted in a number of s u g a r derivatives con ta in ing 
a cy toac t ive centre t ruly ana logous with t he n i t rogen mus t a rd ((N,N-di-/3-chloroethyl-D-
glucoseamine and its L - a n t i p o d e ; 5-deoxy-5-(di- /?-cl i loroethyl)-aininoethyl-D-ribofuranoside; 
l -deoxy- l - (di - /3-chloroethyl) -amino-2,3- isopropyl idene-D-fructofuranoside; l -deoxy- l - (d i - / î -
chloroethyl)-amino-2,3- isopropyl idene-L-sorbofuranose)) and the s a l t s of the basic c o m p o u n d s 
listed. Never the less , all these compounds showed a much lower cy toac t i v i t y t h a n Degrano l 
( X X X I I ) a n d were also h igh ly tox ic . 
F ina l l y , Yargha e x t e n d e d his a t tent ion t o t h e dimesylates, a n o t h e r group of biological 
a lkylat ing agen t s , since 1 ,4-butanedio l d imesyla te ( X X I X ) was f o u n d to be a cy toac t ive com-
pound, a n d so t h e extension of t h e carbon chain a n d t he s imultaneous incorporat ion of h y d r o x y l 
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groups were e x p e c t e d to reduce t h e tox ic i ty . I t was h o p e d t h a t the v a r i a t i o n of the chiral i ty of 
a symmet r i c cen t r e s would lead to c o m p o u n d s of high select ivi ty . This i d e a led to the syn thes i s 
of 1,6-di-O-mesyl-D-mannite and i t s L-ant ipode, of 1,6-di-O-mesyl-L-sorbose, l ,6-di-0-mesyl-
D-f ruc tose and l ,4-di-0-mesyl-meso-erythr i te . Of these dimesylates i t was a g a i n the D - m a n n i t e 
der ivat ive ( " M a n n o g r a n d " ) t h a t p r o v e d to have the m o s t favourable e f f e c t , calling a t t e n t i o n 
aga in to the i m p o r t a n c e of the l e n g t h of the carbon cha in and the ch i ra l i ty of the a s y m m e t r y 
centres . 
With r e fe rence to the c y t o s t a t i c effect of azaser ine , f rom the a p p r o p r i a t e aldonic ac id 
a n d saccharic ac id chloride, respec t ive ly , 1 -d iazo- ldeoxy-D-glucoheptu lose and the 1,8-bis-
diazo-2,4-dioxo-3,4 ,5 ,6-galactote t rahydroxyoctane were synthesized w i t h d iazomethane; h o w -
ever , these sugar derivat ives did n o t even a t ta in t h e cytoact ivi ty of Degranol ( X X X I I ) . 
During t h e above inves t iga t ions Vargha 's a t t e n t i o n turned t o w a r d another pr inc ip le 
of the c h e m o t h e r a p y of cancer: an t ime tabo l i t e s wi th p u r i n e and py r id ine skeletons. The f i r s t 
publ icat ion in t h i s subject [73] descr ibes the syn thes i s of 2-chloro-2-deoxy-D-ribose a n d 
-D-arabinose ( X X X V and X X X V I ) . T h e reason for choosing these t w o compounds was t h a t 
t h e hydroxyls a t C-3 and C-5 a n d t h e appropria te conf igura t ion of a s y m m e t r y centre N o . 3 
required for phosphory la t ion a n d t h u s for incorpora t ion into nucleic ac ids , were inva r i ab ly 
present . For t he synthes is of these t w o compounds t he s t a r t i n g material w a s t h e easily ava i lab le 
d iace ty l -D-arab ina l ( X X X I I I ) , f r o m which the m i x e d product X X X V I was obtained b y 
chlorine addi t ion . B y two-stage hyd ro ly s i s the desired D-arabinose was o b t a i n e d on one h a n d , 
a n d a D-ribose der iva t ive on t h e o t h e r ( X X X V , X X X V I ) ; these t w o crystal l ine p r o d u c t s 
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Dichloro der iva t ive X X X I V permi t t ed to deve lop a new syn thes i s with higher y ie ld 
fo r the i m p o r t a n t 2-deoxy-D-ribose. I n the presence of silver carbonate a n d methanol a m i x t u r e 
of the methyl glycosides X X X V I I w a s formed f rom p r o d u c t X X X I V , f r o m which the D-a rab i -
nose derivative ( X X X V I I I ) could b e isolated in a c rys ta l l ine form. I t s hydrogenolysis pe r fo rmed 
in alkaline m e d i u m wi th Raney n i cke l followed b y hydro lys i s with 2 % benzoic acid gave 2-
deoxy-D-ribose ( X X X I X ) [73]. 
AcO 
XXXIV 
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This biological ly i m p o r t a n t a ldose was p r e p a r e d a l ready in 1949 f r o m d i a c e t y l - D - a r a -
b ina l ( X X X I I I ) w i t h the old F i s c h e r me thod ( w a t e r a d d e d in acidic m e d i u m ) , howeve r , t h e 
y ie ld was as low a s 1 0 % , while w i t h t h e new t e c h n i q u e 6 5 % could be a t t a i n e d . A f u r t h e r s im-
pl i f ica t ion of t h e n e w method and i m p r o v e m e n t of t h e y ie ld was a t t a i n e d in the following w a y : 
t h e add i t ion of H C l to d i ace ty l -D-a rab ina l ( X X X I I I ) in benzene s o l u t i o n afforded 2 - d e o x y -
ace ty l -ch loro-D-r ibopyranose ( X L ) . T h e methy l g lycos ide produced f r o m th i s ( X L I ) b y Z e m p -
l én ' s deace ty la t ion me thod was c a r e f u l l y h v d r o l y z e d w i t h acid to y i e ld 8 0 % of 2 - d e o x y - D -
r ibose crystal l ized in the form of i t s anil ide ( X X X I X ) [74]. 
HCl MeOH /
 r , „ 1) MeOH; NaOMe 
X X X I I I u , CI
 A E I B 0 / L У — О М Е 2 ) P H C 0 U H — - X X X I X 
A E O \ _ C H 2 
OAO 
X L I 
The f i r s t e f f o r t s to couple t h e wel l -def ined, crysta l l ine 2 -deoxy-2 -ch lo ro -D-a rab inose 
w i t h adenine to o b t a i n the c o r r e s p o n d i n g 2 ' -ch loro-adenos ine were unsuccess fu l , a l t h o u g h one 
of t h e c o m p o n e n t s , l , 2 -d ich lo ro -3 ,5 -0 -d iace ty l -1 .2 -d ideoxy-D-a rabofuranose ( X L I I ) , r e q u i r e d 
to f o r m the N-g lycos ide was success fu l ly produced f r o m the a p p r o p r i a t e pyranose ( X X X I V a ) . 
Since in the g lycos ide coupling, a d e n i n e was used as t h e sodium s a l t of 2 ,8-d ichloro-adenine , 
t h e selective r e m o v a l of the two a r o m a t i c chlorine a t o m s failed. H o w e v e r , the reduc t ive e l imi -
na t ion of all t h r e e chlorine a t o m s in an alkaline m e d i u m resulted in t h e fo rma t ion of 2 ' - d e o x y -
a- and /З-D-r ibofuranos idoadenine ( X L I I I and X L I V ) . which in itself is a va luab le a c h i e v e m e n t : 
A E O 
H O C H 2 H O ( ' H 2 
The des i red 9 - (2 ' - ch lo ro -2 ' -deoxy-a -D-a rabofu ranos ido) -aden ine a n d its /?-anomer were 
ob ta ined f i na l ly t h r o u g h the r e a c t i o n of 6 -benzoy lamino-9 -ch lo romercu rypur ine w i th d e r i v a -
t ive X L I I , fo l lowed by d e a c e t y l a t i o n of the p r o d u c t according to Zemplén ' s m e t h o d [81]. 
A l though b o t h c o m p o u n d s showed b u t a low a n t i t u m o u r ac t iv i ty , t h e i r synthesis c o n t r i b u t e d 
new i n f o r m a t i o n t o var ious a s p e c t s of organic c h e m i s t r y . 
S tudies on t h e synthesis of g iven sugar a n d s u g a r alcohol d e r i v a t i v e s of ten c a u s e d sur-
prise b u t a t t h e P h a r m a c e u t i c a l R e s e a r c h I n s t i t u t e V a r g h a and his coworker s ski l ful ly so lved 
t h e s t r uc tu r a l m y s t e r i e s of u n e x p e c t e d compounds a n d sometimes c o r r e c t e d the l i t e r a t u r e d a t a 
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(e.g.[84]). A n d e v e n if e.g. the cyc l i c es te rs of suga r s a n d sugar a lcohols f o r m e d wi th p h o s p h o r i c 
ac id d i - ß - c h l o r o m e t h y l a m i d e [86] , o r the d i e p o x i d e s [87] or d i e p i t h i o der iva t ives [88, 92] 
of sugars a n d s u g a r alcohols were of l i t t l e value f r o m a t h e r a p e u t i c p o i n t of view, the i r s y n t h e s i s 
a n d the e x a c t d e t e r m i n a t i o n of t h e i r s t ruc tu re c o n t r i b u t e d i m p o r t a n t n e w discoveries t o t h e 
chemis t ry of c a r b o h y d r a t e s . 
A f ew o t h e r resul ts of t h e ex t ens ive s t u d i e s concerned w i t h t h e synthes is of s u i t a b l e 
cy tos ta t i cs h a v e t o be m e n t i o n e d h e r e . F r o m D - a n d L - m a n n i t e , 2 , 3 - 4 , 5 - d i a n h y d r o - l , 6 - d i - 0 -
mesyl-L- , a n d - D - i d i t e , r e s p e c t i v e l y [94], the 2 , 3 - 4 , 5 - d i a n h y d r o - l , 6 - d i d e o x y - l , 6 - d i b r o m o - L -
id i t e [95], as we l l as t he l - b r o m o - 6 - c h l o r o and l - b r o m o - 6 - i o d o d e r i v a t i v e s of 1 , 6 -d ideoxy -D-
m a n n i t e [96] h a v e been p r e p a r e d . I n t h e syn theses of t h e above c o m p o u n d s in te res t ing s t e r e o -
chemica l p r o b l e m s were e n c o u n t e r e d and the i n g e n i o u s detect ion of n u m e r o u s i n t e r m e d i a t e s 
g a v e evidence of excel lent i n v e n t i v e n e s s . Apar t f r o m th i s the b io logica l proper t ies of a l l t h e s e 
c o m p o u n d s p r o v i d e d i m p o r t a n t d a t a on the r e l a t i o n s h i p be tween c y t o s t a t i c effect a n d m o l e c -
u l a r s t r uc tu r e , wi tness ing t he h i g h level of p h a r m a c o c h e m i c a l r e s e a r c h pur sued a t t h e P h a r -
maceu t i ca l R e s e a r c h Ins t i t u t e . 
I n v e s t i g a t i o n s made on f u r a n compounds a r e especial ly i n t e r e s t i n g [33—38, 5 2 — 5 4 , 
58, 79, 80, 97, 9 8 ] . T h e y were s t a r t e d a t Ko lozsvá r , or ig inal ly w i t h t h e a i m of p r o d u c i n g t h e 
previous ly u n k n o w n 2 - a m i n o - f u r a n f r o m 2 - a c e t o f u r a n o x i m e t o s y l a t e ( X L V ) wi th t h e so ca l l ed 
N e h e r react ion v i a the :oute X L V — X L V I — X L V I I , in order t o s t u d y i ts biological e f f e c t . 
X L V X L V I X L V I I 
H o w e v e r , i n s t e a d of the e x p e c t e d pa th , t h e r e a c t i o n took p l a c e in ano ther d i r e c t i o n : 
bes ide the a m m o n i u m tosyla te , a n i t rogen- f ree , a i r - sens i t ive oil, d i s t i l l ab l e in v a c u u m , w a s 
p roduced w h i c h , accord ing to e l e m e n t a l analysis, m o l e c u l a r weight a n d i t s chemical r e a c t i o n s , 
seemed to be h e x e n e d i o n a l d i e thy l a c e t a l ( X L V I I I a ) ; w i t h me thy l a lcohol t h e expected d i m e t h y l 
ace t a l ( X L V I I I b ) w a s ob ta ined . T h e reac t ion can b e w r i t t e n in the f o l l o w i n g way : 
X L V + 2 R O H + H 2 0 — TSONH4 + C H 3 C O C O - C H = C H — C H ( O R ) 2 
X L V I I I a : R = E t ; b : R = M e 
Since t h e u n s a t u r a t e d a c e t a l , w h e n oxidized w i t h hydrogen p e r o x i d e in an ac id ic m e -
d i u m , yielded, a m o n g others , m a l e i c ac id , i t was c o n c l u d e d t h a t , of t h e t w o e thylene i s o m e r s , 
t h e eis fo rm p r e d o m i n a t e d . As t h e h y d r o l y s i s of t h e a c e t a l wi th d i l u t e a c i d involves e x t e n s i v e 
decompos i t ions , t h e d i k e t o h e x a n e - a l ( L ) seemed t o b e a t t a i n a b l e b y t h e ac id hydrolys is of t h e 
de r iva t i ve s a t u r a t e d b y ca ta ly t ic h y d r o g é n a t i o n ( X L I X ) ; however , o w i n g t o an i n t r a m o l e c u l a r 
condensa t ion o c c u r r i n g ins tead , p y r o c a t e c h o l (LI) w a s f o r m e d , which p r o v e d again t he c o r r e c t -
n e s s of f o r m u l a X L V I I I : 
P t /H„ 
C H 3 C O C O C H = C H — C H ( O R ) 2 » C H 3 C O C O C H 2 C H 2 C H ( O R ) , -
X L V I I I X L I X 
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L L I 
T h e interest ing resul t , reveal ing the connect ion between pyroca techo l and a c e t o f u r a n , 
points to a possible biogenetic relation between n a t u r a l benzene a n d f u r a n der iva t ives (e.g. 
furanoses) . 
A l though f rom oxime tosyla te X L V , t he desired 2 -aminofurane could not be o b t a i n e d , 
the a l t e rna t ive reaction observed appeared to be novel and in te res t ing so t h a t Vargha a n d his 
coworkers ex tended the s tudies to the oxime tosy la tes of other f u r a n k e t o n e s too. A m o n g o thers 
they s tud ied the t r ans fo rma t ion of 2-acetocoumarone, 2-propiofuran a n d 2-benzovl furan ox ime 
tosylates in the presence of e thano l and me thano l . These compounds underwent a v a r i e t y of 
t r ans fo rma t ions . For example , the 2-ace tocoumarone oxime tosy la te ( L I I ) , in addi t ion t o am-
monium tosyla te , produced two crystal l ine a n d one oily products dist i l lable in v a c u u m . One 
of the f o r m e r products p roved to be the previous ly unknown 2 -me thy l -3 -hyd roxych romone 
(L1II) , t h e o ther was t en t a t i ve ly assumed to h a v e the s t ructure of c h r o m a n o n e der iva t ive L I V . 
T h e format ion of va r ious products called a t t e n t i o n to the s t u d y of the conf igura t ion of 
oxime tosyla tes , since t he two geometric isomers were expected t o show different b e h a v i o u r 
dur ing alcoholysis. Therefore , tho rough inves t iga t ions were s ta r ted w i t h the aim of p r o d u c i n g 
and iden t i fy ing the syn- and ant i -modif ica t ions of cer ta in ketoximes. Th i s effort was successful 
and m e m b e r s of six ke tox ime isomer pairs con ta in ing 2-furyl or 2 -benzofury l groups w e r e pre-
pared a n d identif ied, correct ing a t the same t ime some l i terature d a t a [52]. The reac t ion of the 
tosyla tes of these compounds wi th alcohols was f o u n d to depend on the conf igura t ion : the 
syn-furyl -2-a lkylketoxime tosyla tes (LV) did n o t change under t he in f luence of cold e t h a n o l or 
me thano l ; t he syn-furyl-2-arylketoxi ine tosyla tes (LVI) underwent B e c k m a n n r e a r r a n g e m e n t ; 
while t h e above ment ioned u n s a t u r a t e d acetals were obtained on ly t h r o u g h an i i fury l der iva-
tives ( L V I I ) with a single except ion: f rom arai i -5-methylfuryI-2-methyl ke toxime tosy la t e 
(LVI I I ) , levulinic acid was fo rmed via B e c k m a n n rea r rangement . 
„ ^ „ОНЗ ^ 4 „ ^ 
О С ^ ^ О CHJ ^ 0 C H ; 
II 
NOTs 
LII LIII LIV 
О II II 
„ V XL 
TsO OTs 
LV R = Alky 1 LVII Q = H 
LVI R=Aryl LVIII Q = CH3 
A t the beginning V a r g h a and his coworkers did not a t t e m p t t o in terpre t the m e c h a n i s m 
of these unusua l t r ans fo rma t ions since they m a d e conclusions on t h e s t ruc ture of u n s a t u r a t e d 
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ace ta l XLVII1 on ly from its chemica l reactions and oxidative decomposi t ion, and did no t 
succeed in implement ing the syn thes i s to demonst ra te the structure. However , Dunlop and 
Pe te r s in 1957, a n d Meinwald in 1958 a t tempted to i n t e rp re t the mechanism of this interest ing 
react ion. With t he two mechanisms, no t differing essentially from one another , the course of 
t h e reactions and t he i r distinctive f e a t u r e s in the case of syn- and ami-oxime tosylates could be 
satisfactorily i n t e rp re t ed with the s ter ic factors t a k e n also into considerat ion. However, in 
1967 Greene and Lewis reproduced t h e alcoholysis of anti-oxime tosyla tes of the type LVI I 
a n d on the basis of I R , TJV and N M R spectroscopic s tud ies of the unsa tu r a t ed acetals ob ta ined , 
pointed out t ha t t h e y were not open-chain compounds b u t the derivatives of 2,5-dihydrofuran. 
T h u s , e.g. the s t r u c t u r e of the p roduc t obtained f rom 2-aceto-furan-ant i-oxime tosylate ( L V I I ; 
R = CH3) and m e t h a n o l was not of t h e type X L V I I I b u t of the isomeric L I X , which could be 
separa ted by gas chromatography i n t o eis- and t rans-components ( L I X a , L IXb) . 
Otherwise s t r u c t u r e LIX is also in agreement wi th all of the chemical reactions which 
seem to support s t r uc tu r e X L V I I I . 
Finally, t he s t ruc ture of the chromanone der iva t ive LIV seemed still to be questionable. 
Recent ly Vargha a n d his coworkers h a v e identified th i s compound by I R , NMR and mass 
spectroscopic ana lyses as a coumarane derivative ( L X ) , and — at the s ame time — modif ied 
t h e former concept ion concerning t h e mechanism of t h e alcoholysis of antt-oxime tosylates 
according to the n e w structural i n fo rma t ion [98]. In th i s way a sa t i s fac tory explanation was 
g iven for the reac t ion of an/i-oxime tosy la te LI I with alcohol containing some water, yielding 
2-methyl -3-hydroxychromone(LII I ) a n d ehroinanon der ivat ive LX. The la t t e r was also separ-
a t e d by gas chromatography into eis and trans isomers. The methanolysis of the tosylate of 
2-acetofuran-ant i -oxime leading to t h e formation of 2,5-dihydrofuran derivatives ( L I X ) 
could be explained in the same w a y . All of these react ions start wi th nucleophilic alcohol 
add i t ion running paral le l to the d isp lacement of the tosy la te anion and occurring at C-5 in the 
f u r a n skeleton and C-3 in the benzofu ran skeleton. 
The condit ion for nucleophilic a t t a c k is the anti-posit ion of the tosy loxy group relat ive 
t o t he furan ring, s ince only this ensures the removal of t h e tosylate anion owing to eoplanari ty 
a n d the shift of t h e positive charge to C-5 in the fu ran r ing, and to C-3 in the benzofuran ring. 
I n t he latter case t h e aromatic s tab i l i ty of the benzene r ing due to its rr-electron sextet inhibi ts 
t h e shift of charge t o carbon atom No. 5 in the condensed furan skeleton. 
The t r ans fo rmat ions of fu ry lke tox ime tosylates were found la ter to have pharmaco-
chemical consequences, too. On the has is of the known vasodilatory effect of khellin, containing 
t h e furanochromone skeleton, S c h m u t z and coworkers, s tudied in 1951 the effect of numerous 
s impler chromone derivatives inc lud ing 2-methyl-3-hydroxychromone ( L I I I ) prepared by 
Vargha and his coworkers from the t o s y l a t e L U . and independent ly synthesized later, and found 
t h a t their effect r eached and occasionally even surpassed t h a t of khellin. Since khellin contains 
t w o methoxy groups , several d imetoxy-2-methyl-chromones and dimetoxychromone-2-carbox-
yl ic acid esters were synthesized a t t he Pharmaceut ica l Research In s t i t u t e to s tudy the 
pharmacological e f f ec t and the molecular structure [40]. These compounds were found to be 
m o r e selective co rona ry dilators and the i r effect wTas f i v e to six t imes higher than t h a t of 
khel l in , whose isolat ion and synthesis are rather d i f f icu l t . 
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T h e benzoyl amide der iva t ives subs t i t u t ed b y cyclic e ther g roups , or ether and h y d r o x v l 
groups, a re of considerable in te res t . A s t u d y was s tar ted because numerous a lkaloids were 
known to con t a in ether g roups bonded to an a r o m a t i c ring (e.g. MeO-, C H , 0 2 = groups) , so it 
did no t s e e m impossible t h a t simpler compounds would show some biological e f fec t too. As 
many as 50 compounds, m o s t l y unknown before , were synthesized of which 2 ,3 ,4- t r imethoxy-
benzoyl morphol ide ( L X I ) excelled with i ts t ranqui l l iz ing e f fec t a n d low toxic i ty [69, 70]. 
This gave t h e impulse to p r epa re various c o m p o u n d s conta ining subs t i tu t ed p h e n y l groups 
[91] and s t u d y their effect on the central n e r v o u s system [92]. A m o n g them, some d ib romo 
der ivat ives displayed a s ign i f ican t anii-nicotin e f fec t and. with t h e m in possession, a s t u d y on 
the re la t ionsh ip between ani i -n icot in effect a n d molecular s t r u c t u r e became possible. This 
group inc ludes the highly spasmolyt ic 2 ,5-dimethoxy-4-decyloxybenzoic acid amide ( L X I I ) , 
and the na rco t i c 3.5-dichloro-4-methoxybenzoic acid cyc lopropvlamide ( L X I I I ) : 
L X I L X I I L X I I I 
Besides publicat ions repor t ing on syn theses aimed at t he discovery of new an t i t ube r -
culotics [42 — 44], the essential improvement of W i b a u t ' s method for the prepara t ion of 4-ethyl-
pyr idine, t h e star t ing ma te r i a l of the p roduc t ion of isonicotinic acid hydrazide deserves special 
ment ion ; i t s imply consists in employing iron in s t ead of zinc in t h e react ion of acetic anhyd r ide 
with p y r i d i n e , by which t h e yield is doubled [51]. 
V a r g h a ' s many-sided research in organic a n d pharmaceu t ica l chemist ry is bes t demon-
s t ra ted b y t he essential i m p r o v e m e n t of t h e isolation of hyodeoxychol ic acid f r o m pig gall. 
This s u b s t a n c e was then used to prepare 3/S-aeetoxy-5-cholic acid m e t h y l ester, a su i t ab le s ta r t -
ing m a t e r i a l for the semi-synthesis of s teroid hormones . A l though the la t ter p r o d u c t did not 
give a sa t i s f ac to ry yield, t h i s work deserves a t t e n t i o n because of i ts s tereochemical implica-
tions [46] . 
I t is hoped tha t t h e present survey has succeeded in showing Vargha 's q u a l i t y as a 
researcher , his wide knowledge and excellent ach ievements b o t h in pharmaceut ica l a n d organic 
chemis t ry . As Director of t h e Pharmaceu t i ca l Research I n s t i t u t e , he always e n d e a v o u r e d to 
suppor t pharmaceut ica l research with basic research in organic chemist ry , since — in his 
opinion — th is is the only w a y towards t he d iscovery of new medicines , which is a necessary 
r equ i r emen t to ensure con t inued deve lopment of the H u n g a r i a n pharmaceut ica l i ndus t ry . 
Guided b y th is view, he g rea t ly promoted t he re la t ions of the Pha rmaceu t i ca l R e s e a r c h Insti-
tu te w i t h univers i ty ins t i tu t ions and with t he H u n g a r i a n pha rmaceu t i ca l indust ry . H e ini t ia ted 
numerous research projects a n d promoted ones ini t ia ted by o the r s if he was convinced of their 
impor t ance . I t is for this reason tha t at t he Pharmaceu t ica l Research Ins t i tu te bas ic research 
in organic chemistry was pur sued on a wide r ange of subjects, a n d t h a t many of his coworkers 
have b e c o m e excellent r e sea rch chemists. S o m e of them have o b t a i n e d scientific degrees on the 
basis of t he i r work done a t t h e Ins t i tu te , a n d six have been a w a r d e d Kossuth and S t a t e prizes. 
Right ly w a s his Ins t i tu te t h e f irs t among resea rch ins t i tu tes supervised by the Minis t ry of 
Heavy I n d u s t r y to receive t h e honourable t i t l e of " E m i n e n t Research Ins t i t u t e " . His t e n years 
of a c t i v i t y as a professor a t Kolozsvár and t h e efficiency of his t eaching and educa t iona l work 
is t es t i f i ed b y the success of his s tudents as t eachers or chemists . 
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In spite of t h e great stress of h is work, Vargha was ou t s tand ing ly ac t ive in scient i f ic 
organizat ions too . As a member of t h e Depa r tmen t of Chemical Sciences of the H u n g a r i a n 
Academy of Sciences , as well as m e m b e r of the C o m m i t t e e on Organic Chemis t ry belonging 
t o the D e p a r t m e n t , a n d recently as c h a i r m a n of the Commi t t ee on C a r b o h y d r a t e Chemistry he 
o f t e n voiced his v i e w s and was an o u t s p o k e n critic. As p res iden t of the sect ion of organic chem-
i s t r y in the H u n g a r i a n Chemical Soc ie ty he was an u n t i r i n g organizer of H u n g a r i a n confer-
ences on organic chemis t ry . He laid g r e a t emphasis on m a i n t a i n i n g in t e rna t iona l scientific re la-
t i o n s ; he knew pe r sona l ly many exce l l en t foreign scient is ts a n d had m a n y f r i ends among t h e m . 
His hea l th g radua l ly de te r io ra t ed in the last y e a r s ; his illness, which became more a n d 
m o r e serious, r e q u i r e d an almost s u p e r h u m a n ef for t to ca r ry out his ass ignments , m a n y of 
t h e m voluntary. T h i s acceptance of responsibi l i ty a n d t h e love of scientif ic research gave h i m 
t h e strength to s t a y a t his post to t h e las t . With his d e a t h , organic chemica l and pha rmaco-
cliemical research h a s been deprived of a n outs tanding a n d in terna t ional ly acknowledged expe r t . 
H i s life has been e x e m p l a r y , and t h e ach ievements a n d concep t s of his ex tens ive work will keep 
h i s memory alive. 
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Proceedings of the Fifth Meeting of the Maize 
and Sorghum Section of EUCARPIA. Aka-
démiai Kiadó, Budapest 1971, 290 p. 100 
tables, 34 f igures. Ed . : I. Kovács . 
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delivered a t the meeting of t he Maize and 
Sorghum Section of E U C A R P I A (European 
Association for Research on P l a n t Breeding) 
held in Budapes t—Mar tonvásá r dur ing Sep-
tember 2 — 4th , 1969. The book published in 
1971 does not ment ion , however, the d a t e of 
t he meet ing, which m a y cause mi sunde r s t and -
ing, as the Section held a meeting ( the s i x t h ) 
in 1971 too, in F re i s ing—Weihens tephan . 
On t h e other hand, i t is not quite t h e s a m e 
for t h e authors w h e t h e r their p a p e r s a re 
r ead as lectures del ivered in 1969 or as ones 
del ivered in 1971; n a m e l y , as a result of t h e 
r ap id development of science, it may h a p p e n 
t h a t a paper containing very interest ing n e w 
resul t s in 1969 would be in 1971 the r e p e t i t i o n 
of general ly known f ac t s . Thus, the q u e s t i o n 
m a y arise, whether i t had not been m o r e 
reasonable to publ ish the papers ea r l i e r , 
by duplicat ing t h e m with an u p - t o - d a t e 
m e t h o d instead of t he unobject ionably g o t u p 
book . This delay, however , also o f fe red an 
o p p o r t u n i t y to comple te the mater ia l h e r e 
and the re with 1970 d a t a (see p. 156; t h e 
yea r 1970 — instead of 1967 — is a m i s p r i n t 
on page 172. No e r r a t a is annexed; h o w e v e r , 
t he n u m b e r of mispr in ts is very few a n d on ly 
one or two of them m a y distort the sense) . 
On the basis of the i r subjects t h e f o r t y 
lec tures delivered a t the meeting c a n be 
d iv ided into seven groups . 
Qual i ty improvement with regards to 
p ro te ins was introduced by the excellent lec-
t u r e of D. E. Alexander (Illinois U S A ) , 
which no t only gave a complete s u r v e y of 
t he resul ts at tained w i t h the opaque-2 gene , 
b u t also discussed t h e fu ture possibil i t ies. 
T h e lecture emphasized the impor tance of 
t r y p t o p h a n e beside lysine, and p r e s e n t e d 
economic calculations concerning the e x t e n t 
to which the yield decreases involved w i t h 
p ro te ins of higher va lue were still economical , 
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while at the s a m e t ime breeding work also 
showed promise t h a t yield decreases involved 
wi th more v a l u a b l e proteins would be avoid-
able. 
M. Pollacsek f i r s t gave an a c c o u n t of the 
results o b t a i n e d with opaque-2 breeding 
carried on in C le rmont -Fer rand (France): 
t h e lower thousand-gra in -weigh t of opaque-2 
hybr ids r e su l t ed in a cons iderable yield 
decrease. In his second lecture he po in ted out 
on the basis of exper iments t h a t the effect 
of the opaque -2 gene result ing i n an in-
creased lysine con t en t can be separated 
t o some e x t e n t f r o m the f loury s t r u c t u r e of 
t he grain. 
S. Rau tou (Montpel l ier . F rance ) presented 
a quick m e t h o d f o r the evaluat ion of the lys-
ine content: accord ing ly , breeders, when pre-
selecting — a r e n o t compelled t o rely ex-
clusively on t h e f l o u r y character of t h e grains, 
whereby the combina t ions coupl ing the high 
lysine content w i t h a certain degree of vitreos-
i t y are d i scarded . 
Bálint A. f i r s t reported on t h e results of 
crossings car r ied o u t in Gödöllő ( H u n g a r y ) in 
order to inc rease t he protein c o n t e n t , then, 
in his second l e c t u r e , on the p r o t e i n content 
of mutants p r o d u c e d by i r rad ia t ion . 
Kovács I . e t al. presented t h e results of 
opaque-2 a n d f l o u r y - 2 breeding carr ied out 
a t Mar tonvásá r (Hungary) , spec i fy ing 17 
different a m i n o acids in the v a r i o u s groups 
of crosses, fo r t h e whole grain a n d t he endo-
sperm sepa ra te ly . 
M. S. Misovic (Zemun Polje, Yugoslavia) 
pointed out b y r a t feeding e x p e r i m e n t s that 
maize con ta in ing opaque-2 gene — though 
lagging behind maize completed w i t h soy-
bean meal — p r o d u c e d a weight ga in twice 
as much as n o r m a l maize did. 
The f i rs t of t h e lectures d iscuss ing the 
oil content of ma ize was again b y D. E. 
Alexander on h i s successful work carr ied on 
in Illinois ( U S A ) : selection for oil content 
s ta r ted in 1896 w a s completed f r o m 1940 on 
wi th hybrid b r e e d i n g methods, a n d the most 
recent high oil content h y b r i d s ( I H O = 
Illinois High Oi l ) combined the m o r e than 8 
pe r cent oil c o n t e n t with good p roduc t iv i ty 
similar to t h a t i n commercial hyb r id s . He 
d i scussed the p rospec t s before high oil con-
t e n t maize due to t h e one-grain oil t e s t t h a t 
d o e s no t harm the germinabi l i ty , a n d the 
n e w oil quality tes t t h a t can be p e r f o r m e d 
w i t h i n a few seconds f r o m the point of v iew 
of r en tab i l i t y too. 
I n the second br ief lecture deal ing w i t h 
oil con t en t M. S. Misovic (Zemun Pol je , 
Yugos lav ia ) et al. p o i n t e d out expe r imen ta l ly , 
b y a detailed analysis of their high oil con-
t e n t lines tha t no corre la t ion exists b e t w e e n 
t h e oil content and t h e ra t io of var ious f a t t y 
ac ids t h a t might poss ib ly prevent t he combi-
n a t i o n of quan t i ty a n d quali ty. 
T h e last two l ec tu res on breed ing for 
q u a l i t y dealt with t h e carotene c o n t e n t . M. 
Miha j lov ic et al. w h e n determining the 
jS-carotene- and c r y p t o x a n t h i n c o n t e n t s of 
30 hyb r id s found a r a t i o of 8 : 5 b e t w e e n t he 
t w o (as to the closeness of the corre la t ion no 
cor re la t ion coefficient was given). B e t w e e n 
t h e individual hyb r id s remarkab ly g r e a t dif-
f e r e n c e s were found. Since the ex t reme va lue s 
a r e presented , the r eg re t t ab l e omission of the 
t a b l e referred to in t h e text m a y d i s t u r b 
o n l y those interested in details. 
F ina l ly I. Cabulea (Torda, R o u m a n i a ) 
r e p o r t e d on his r e sea r ch work carr ied o n in 
t h e research ins t i tu t e of Minoprio ( I t a l y ) on 
t h e sub jec t of ca ro t ene metabolism. 
T h e second g roup of lectures d e a l t wi th 
t h e impor tance of b reed ing local va r i e t i e s . 
J . Pavl ic ic (Zemun Po l j e , Yugoslavia) was 
t h e f i r s t to present deta i led results on t he 
loca l var ie ty research s t a r t e d by the E U C A R -
P I A , while giving a n interest ing c o m p a r i s o n 
of h igh ly similar t y p e s of Yugoslavian, I t a l i a n 
a n d Roumanian local varieties. The i r com-
m o n origin is s u p p o r t e d by the fac t t h a t t h e 
R o u m a n i a n local va r i e t i e s are closer t o local 
v a r i e t i e s in Yugos lav ia than to t h o s e in 
I t a l y . The similarity of certain types of var i -
ous countr ies was d e m o n s t r a t e d by 11 p h o t o s , 
a n d 14 morphological a n d phenological d a t a 
of 38 local varieties were presented. H e did 
n o t explain, however , his grading of t he 
" e a r f o r m " between t h e extreme v a l u e s of 
5.0 a n d 18.0 a l though i t cannot be cons idered 
as general ly known. 
A f t e r his f i rs t l e c t u r e on the bas ic p r in-
Acta Agronomica Academiae Scientiarum Hungaricae 22, 1973 
RECENSIONES 3 2 5 
ciples of t h e E U C A R P I A ' s work of collect-
ing, ma in ta in ing and classifying the local 
varieties A. Brandolini (Minoprio, I taly) 
discussed t h e effect of the Bolivian germ plasm 
in Sou th -European maize breeding, while 
giving in deta i l the ear-, grain- and tassel 
measurements of 44 Bolivian local varieties, 
and the phenological and morphological data 
under th ree different climates of 32 of them. 
In addi t ion, he studied the combining ability 
of local var ie t ies with a more t h a n usual in-
tensity, and presented the n u m b e r of chro-
mosome k n o b s too in 23 local varieties. 
The n e x t f ive lectures deal t wi th the sub-
ject of cytoplasmic male s ter i l i ty . E. J . 
Vakhrusheva (Krasnodar , Soviet Union) 
compared Texas (T)-type a n d Moldavian 
(M)-type ma le sterility, and — while enum-
erating severa l disadvantages of t he former — 
drew the conclusion tha t b o t h types should 
be used, a n d some questions concerning the 
inheritance of male sterility a n d restoration 
of fert i l i ty, are still to be f u r t h e r studied. 
In t he n e x t lecture G. S. Galeyev (Kuban, 
Soviet U n i o n ) described those methods of 
sterile h y b r i d seed production in which seed 
production for a single p a t e r n a l cross was 
also made on a sterile base. I n this way de-
tasseling b y hand was per fec t ly eliminated 
and on t h e marke t corn produc ing field of 
double crosses the number of pollen shedding 
plants was over 96 per cent . 
D. F . Alyev (Baku, Soviet Union) in his 
brief lec ture on the effect of environmental 
conditions on cytoplasmic male sterility 
pointed o u t t h a t under we t t e r and cooler 
climatic condit ions sterility is less stable, 
especially in t he case of the Moldavian type. 
The f o u r t h group of lectures, which dealt 
with the m e t h o d s of breeding, was introduced 
by an in te res t ing lecture in which A. Tavcar 
(Zagreb, Yugoslavia) gave deta i led informa-
tion on t h e roo t examinat ion method of 3 
weeks old seedlings. The m e t h o d renders i t 
possible fo r t he breeder to ob ta in informa-
tory da ta on the prospective ex ten t of the 
heterosis e f fec t in the F4 genera t ion by ex-
amining p l a n t s as early as a t t h e age of three 
weeks. T h e nex t lecture delivered by B. 
Guryev ( K h a r k o v , Soviet Union) reported 
on early breeding in the Ukraine, emphasiz-
ing the usefulness of early x late a n d f l in t 
X den t crossings. He recommended early 
lines and their crosses to be used as init ial 
mater ia l for new ear ly lines rather t h a n early 
varieties, owing to t h e very low p roduc t iv i ty 
of lines originating f rom the l a t t e r . J . S. 
Bojanowski (Warsaw) gave an a c c o u n t of 
Polish—Hungarian co-operation in maize 
breeding. Co-operation is necessary because 
seed for the large area of Polish silo maize 
product ion cannot be produced in Poland 
due to its late r ipening, while the impor t ed 
seed of foreign hyb r id s is not quite sui table 
for the Polish condit ions. 
Szopkô M. et al. (Szeged, H u n g a r y ) pre-
sented detailed d a t a on their work in which 
t h e y used the prol if ic character of p l a n t s to 
increase product iv i ty . Finally, D. Fellner 
(England) discussed the introduction of grain 
maize in England, a n d F. Mikuz ( L j u b l j a n a , 
Yugoslavia) repor ted briefly on maize breed-
ing in Ljubl jana . 
The f i f th g roup of lectures dea l t with 
breeding for resis tance. Manninger I . (Mar-
tonvásár , Hungary) spoke about t he consid-
erable differences in resistance between 
sublines started f r o m earlier established lines. 
V. Spehar (Zagreb, Yugoslavia) s tudied 
resistance to Helminthosporium lurcicum in 
a great number of lines and hybrids, describ-
ing the method of provocative infec t ion . He 
touched upon the hered i ty of very h igh differ-
ences in resistance. 
T. Per ju (Kolozsvár , Roumania) gave a 
detailed account of the extreme d a m a g e done 
b y fr i t - f ly to maize in Transylvania , includ-
ing differences be tween varieties too . 
V. Pencic (Zemun Polje, Yugoslavia) pre-
sented an exhaust ive repor t on the occurrence 
of Sclerotium bataticola Taub, root a n d s tem 
r o t in Yugoslavia, including a descr ipt ion of 
t h e fungus and i ts damages and the me thods 
of control. 
The last group of lectures deal ing with 
maize, which covered various p roduc t ion 
and physiological problems, was in t roduced 
b y a report on J . Got l in 's (Zagreb, Yugoslavia) 
spacing experiments . In the ex t remely pre-
cise experiment carr ied on over t w o years 
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w i t h 13—16 h y b r i d s and four d i f f e r e n t spac-
ings data on seven parameters — besides the 
yield — were o b t a i n e d . The r e l a t i v e l y few 
comments added t o the da t a did n o t empha-
size the great d i f fe rence in wea ther condi t ions 
and consequen t ly yield a v e r a g e s — 
between the t w o years of the expe r imen t . 
I n 1967 — the y e a r with the lower yield — 
m o r e than one p a r a m e t e r showed d i f ferent 
t r e n d s , and e v e n t he o p t i m u m yie ld was 
ob ta ined wi th less dense p l an t s t a n d s . So 
t h e s ta tement t h a t closer spacing increased 
t h e water c o n t e n t of grains and t h e number 
of plants inc reased f rom 50.000 t o 60.000 
p e r ha did no t give significant differences 
should not have been generalized, as t h e yield 
decrease in fou r l a t e hybrids u n d e r the in-
f luence of such a close spacing w a s highly 
significant in 1967. At tent ion is ca l l ed to the 
h a r m f u l effects of too close a spac ing due to 
t h e intensive lodging . The t rend of ea r weight 
giving two-peak curves in severa l hybr ids 
d u e supposedly t o changes in t h e number 
of ears per p l an t (no parameter is p resen ted) 
is ve ry in teres t ing . 
The next l e c t u r e delivered b y J . Gotlin 
dea l t with t he in f luence of e igh t d i f ferent 
chemicals on ma ize germinated a t low- tem-
pera tures , p re sen t ing not only t h e germina-
t i on percentage b u t four o ther p a r a m e t e r s 
too . In this way n o t only the fung i c ide effect 
of the chemicals b u t also their s t i m u l a t i o n of 
metabol ism could be proved. G e r m i n a t i o n 
w a s accelerated b y all the e ight chemicals 
b u t only three of t h e m increased t h e germi-
n a t i o n percentage signif icantly. T h e lecturer 
po in ted out t h a t a f t e r some mod i f i ca t i on the 
m e t h o d might e v e n have a prac t ica l applica-
t ion . 
A. Pucaric (Zagreb , Yugoslavia) s tudied 
t h e correlation be tween leaf a r e a per ha 
(called by him leaf area index) a n d yield as 
well as the ne t r a t e of assimilat ion i n three 
h y b r i d s of d i f f e r en t vegetat ive pe r iods , with 
f i v e different g rowing spaces. 
D. Palavers ic (Zagreb, Yugos lav ia ) re-
p o r t e d similarly on spacing e x p e r i m e n t s 
point ing out t h a t t h e different r e sponse given 
b y the hybrids to var ious p o p u l a t i o n densi-
t ies is able to c h a n g e even the o r d e r of their 
yields. The influence of close spacing in de-
creas ing the s t andab i l i ty is not general, i t is 
a f u n c t i o n of var ie ty a n d crop year. The n e x t 
l ec tu re was delivered b y K a p á s S. ( B u d a p e s t ) 
who on t he basis of H u n g a r i a n var ie ty t r i a l s 
spoke abou t the cor re la t ion of the a m o u n t 
of h e a t a n d precipi ta t ion t o the yields of v e r y 
ear ly a n d medium la te maize varieties. 
T h e lecture delivered b y T . Krivic ( L j u b l -
j a n a , Yugoslavia) on t h e excellent p r o t e i n 
q u a l i t y of f l in t lines selected from Slovenian 
local var ie t ies and of the i r crosses shou ld 
h a v e been included in t h e first group dis-
cussing qual i ty i m p r o v e m e n t . 
F ina l ly , A. J akack i ' s (Kobierzyee, P o l a n d ) 
brief lec ture described an interesting n e w 
m e t h o d of using maize as fodder : p roduc ing 
meal b y drying and g r ind ing the whole p l a n t 
(whole-corn meal). At l a s t he summed u p in 
seven po in t s the a d v a n t a g e s of this m e t h o d 
in t ense ly spreading since then . 
T h e subjec ts of the so rghum group w o r k -
ing as a separate g roup of the maize sec t ion 
were t r e a t e d in three lec tures . First R. L a n d i 
(F lo rence , I ta ly) spoke abou t the genet ics 
and breed ing of w a x y sorghum conta in ing 
s t a r c h in the form of amylopect ine , p resen t -
ing in b o t h relations his o w n experiments t oo . 
T h e n Fehér К . (Szeged, Hungary) g a v e 
de ta i led informat ion on g ra in sorghum breed-
ing a t Szeged and on i ts resul ts , including t h e 
economic aspects and t h e carotene c o n t e n t s 
of va r ie t i e s and crosses too . 
F ina l ly , K. Sostar ic-Pisacic (Zagreb, Y u -
goslavia) reported on t h e breeding of swee t 
s o r g h u m used as green f o d d e r in Yugoslavia , 
p re sen t ing the results of extensive v a r i e t y 
t r ia ls t o o , in which, in addi t ion to swee t 
s o r g h u m varieties of va r ious origin, var ie t ies 
of o t h e r p lan t species compe t ing with sweet 
s o r g h u m were also inc luded . 
A p a r t f rom the l ec tu res the book con-
ta ins t w o reports on t h e work done by t h e 
two work-groups of t h e Section, and dea l s 
wi th m a t t e r s of admin i s t r a t i ve c h a r a c t e r 
r e l a t ive t o the Section as well. 
T h e volume thus gives a clear p ic ture of 
the w o r k of the Section, of the ex ten t m e e t -
ings he ld in every second year promote t h e 
progress of European ma ize breeding, o f fe r -
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ing the breeders a chance of ge t t ing acquaint-
ed mutual ly wi th t he most recen t results of 
their research. 
L . B E R Z S E N Y I - J A N O S I T S 
Búzatermesztési kísérletek 1960—70 (Wheat 
growing exper iments 1960—70), (Edi tor : J . 
Bajai). Akadémia i Kiadó (Publ ishing House 
of the Hunga r i an Academy of Sciences), 
Budapes t , 641. 
The s tudy collection " W h e a t growing 
experiments 1960 — 70" publ ished by the 
Publishing House of the Hungar ian Academy 
of Sciences is t he second one ed i ted by Dr. 
J . Bajai. The f i r s t volume presented in 1961 
showed the " y i e l d " of eight years . The pres-
en t book gives an account of eleven years' 
work. 
Research results which for some reasons 
Acta 
h a v e no t gone to p ress can be found in t he 
desk drawers of m o s t scientific workers. T h e y 
o f t e n become lost w i t h o u t being useful e i ther 
to research or to p rac t ice . Bajai's i n t e n t i o n 
t o t r y to save such s tud ies is therefore h igh ly 
j u s t i f i ed . 
T h e volume c o n t a i n s 60 papers a p a r t 
f ro m the meteorological summary. M o s t of 
t h e m could have b e e n published in a n y of 
t h e Hungar ian or e v e n foreign special per iod-
icals or bulletins, s t i l l they have r e m a i n e d 
h i d d e n . We should l ike to know w h y ? W e 
welcome the work, a n d hope that t he u s e f u l 
p rac t i ce which is beg inn ing to become t r a d i -
t i ona l will continue in the future too . 
T h e papers are a r ranged in 9 c h a p t e r s . 
O n e of the most d i f f i cu l t tasks for t h e ed i tor 
w a s probably to classify the papers in to 
g roups . The agrotechnical research of w h e a t 
is a highly d ivergent subject, d i f f i cu l t to 
sys temize by itself. I t is not easy t o f i n d a 
m e t h o d to set u p categories which do not 
ove r l ap each other. A n d in this case i t is no t 
e v e n a matter of research work d i rec ted on 
t h e basis of the same principle, as the a u t h o r s 
work ing at various inst i tutes did n o t know 
w h e n starting the experiments — p e r h a p s 
n o t even when eva lua t ing the results — t h a t 
t he i r papers would some day be i nc luded in 
a collection. 
No judgement c a n be formed on t h e au-
t h o r s ' choice of s u b j e c t as a whole, s ince t he 
p a p e r s represent on ly a part of their r esearch 
w o r k ; they supposedly have reported in the 
m e a n t i m e on o the r experiments of the i rs 
in t he different periodicals. Still, i t c a n n o t 
be left unmentioned t h a t while the n a t u r e of 
s o m e authors ' s u b j e c t s suggests t h a t the 
a u t h o r s wanted to sa t i s fy immediate prac-
t i ca l demands when choosing these sub jec t s , 
in several cases t h e choice of s u b j e c t was 
h a r d l y influenced b y practical considera-
t ions , and the a u t h o r s started the experi-
m e n t s to have an opportuni ty to publ i sh 
someth ing . 
As for the resul ts , some of the older prac-
t i s ing experts are of the opinion t h a t theses 
k n o w n for decades in practice and t a u g h t as 
f u n d a m e n t a l knowledge at the univers i t ies 
a r e repeatedly con f i rmed by exper iments in 
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t h e agrotechnical research of t o d a y . In cer-
t a i n cases r e sea rch work of th is t y p e can be 
excused, because agriculture — including 
soil cul t ivat ion, fert i l izat ion, chemiza t ion , 
p l a n t m a n a g e m e n t and h a r v e s t i n g — has 
undergone a considerable t r a n s f o r m a t i o n 
dur ing the las t 25 yea r s , and it is n o t for noth-
ing tha t earlier empi r i ca l f indings a r e checked 
exper imenta l ly . U n d e r the new condit ions 
one or the o the r m a y need revis ion. 
The editor cou ld not in f luence t h e sub-
jec t s , since he cou ld only use w h a t h a d re-
mained hidden i n t he researchers ' rooms, or 
w a s about to be completed. B u t if he could 
select, then it was h i s meri t tha t t h e overwhelm-
ing major i ty of t h e p a p e r s contained in teres t ing 
a n d useful d a t a . T h e y are n o t o n l y very 
ins t ruct ive b u t a l so give a cross-sect ion of 
t h e problems t h a t are today in t h e centre of 
in teres t . U n f o r t u n a t e l y , the n u m b e r of the 
papers does n o t r e f l e c t the i m p o r t a n c e of the 
subjec t , on t he c o n t r a r y , the p a p e r s dealing 
w i t h better k n o w n subjects are represen ted 
in greater n u m b e r s . There s o m e t i m e s occur 
" h e a r d e d " s u b j e c t s too which a r e neither 
t ime ly nor i n t e r e s t i n g . They gene ra l ly give 
resul t s which c h a n g e according t o var ie ty , 
yea r , soil t y p e a n d many other f a c t o r s in-
volved. The cor re la t ions cannot b e proved 
e v e n with t he m o s t up- to-da te s ta t is t ical 
me thods , not t o men t ion a n u m b e r of fac-
t o r s which are n o t known in a d v a n c e and 
could not even b e influenced. T h e s e subject 
o u g h t to be d r o p p e d at last, a n d t h e efforts 
concentra ted to f i e ld s where i m m e d i a t e and 
essential resul ts c a n be expected. W e think 
t h a t a par t of t h e exper iments o n t h e time, 
d e p t h and ra te of sowing, and in s o m e respects 
t hose on the r a t e , t i m e and m e t h o d of fertil-
iza t ion can be inc luded in this ca t ego ry in 
t h e future . 
The size of m o s t papers is m o d e r a t e . This 
is a very useful p r ac t i c e which sugges t s tha t 
n o t only the r e a d e r s b u t the a u t h o r s too have 
real ized tha t t h e v a l u e of the p a p e r s is not 
a lways in posi t ive correlation w i t h t h e num-
b e r of the pages . I t is a p i ty t h a t some 
a u t h o r s have n o t y e t adopted t h i s useful 
pract ice , and t r y t o raise the leve l of their 
s tud ies with e x t e n s i v e tables, c o l u m n s of 
f i g u r e s and masses of d iagrams, a lbei t t h e y 
a re t o d a y mostly o m i t t e d as n o b o d y p a y s 
m u c h at tent ion to t h e m . The p r e s e n t a t i o n 
of r e s u l t s obtained b y up- to-da te s t a t i s t i c a l 
m e t h o d s of eva lua t ion as well as t he d e g r e e 
of t h e i r reliability s a t i s f y everybody. T h e 
s u m m a r i e s are mos t ly clear , easy to u n d e r -
s t a n d , and do not l e a v e any doubt w h e t h e r 
— or n o t — useful r e s u l t s have been o b t a i n e d . 
A welcome i m p r o v e m e n t compared t o t h e 
p r e v i o u s volume is t h e in t roduc t ion of f o r e i g n 
l a n g u a g e summaries. T h i s ensures a m u c h 
w i d e r publici ty to t h e papers . Our r e q u i r e -
m e n t s would be even m o r e fully sa t i s f i ed if 
t h e fo re ign summaries h a d a t least t h e s a m e 
e x t e n s i o n as the H u n g a r i a n ones, or g a v e 
sti l l m o r e than t h a t . I n general, e v e r y b o d y 
r e a d s t h e summary of a pape r f irs t a n d goes 
t h r o u g h the article c i rcumstan t i a l ly o n l y if 
t h e s u m m a r y has a r o u s e d his interest . F o r e i g n 
r e a d e r s are greatly a s s i s t ed by detai led s u m -
m a r i e s as they need n o t t ranslate t h e who le 
a r t i c l e . In a well c o n s t r u c t e d s u m m a r y all 
t h a t m a y be of i n t e r e s t f o r an expert c a n be 
to ld of a paper. 
I t is a regret table def ic iency of the v o l u m e 
— as compared to t h e previous one — t h a t 
i t c o n t a i n s very few p i c t u r e s , and even t h o s e 
a re of poor quali ty. T r u e , good b l a c k - a n d -
w h i t e pho tos are no t e a s y to make a n d p r i n t 
of agrotechnical e x p e r i m e n t s on w h e a t , b u t 
pho to - t echn ics have i m p r o v e d for t h e l a s t 
t en y e a r s , and t y p o g r a p h y ought t o h a v e 
i m p r o v e d as well. U n f o r t u n a t e l y j u s t t h e 
o p p o s i t e can be seen. S o m e pictures i n t h e 
b o o k a r e of very b a d q u a l i t y . The 1961 edi -
t ion con ta ined much m o r e and bet ter p h o t o s . 
W e h o p e this does n o t m e a n tha t the r e s e a r c h 
w o r k e r s make less p h o t o s . No research w o r k 
can b e m a d e wi thout p h o t o d o c u m e n t a t i o n . 
T h e way of p r e s e n t a t i o n varies, n a t u r a l l y , 
w i t h t h e authors, y e t i t c a n be felt t h a t t h e 
e d i t o r h a s done a good work in this r e s p e c t 
too. 
T h e meteorological s u m m a r y — f o u n d i n 
t h e p r e v i o u s volume t o o — gives useful d a t a . 
C h a p t e r II con ta ins t h e highest n u m b e r 
of p a p e r s . Biology a n d ecology seem to be 
p r e f e r r e d subjects. I t is a p i ty tha t only t w o 
p a p e r s deal with t h e quest ions of w h e a t 
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monoculture. In our opinion th i s subject is 
worth being intensely studied. 
Chapter I I I which deals w i t h soil cultiva-
tion contains only three papers . T h e question 
can be raised whether every th ing is so clear 
about soil cul t ivat ion? Namely , this is the 
very field in which mechanization has brought 
about the grea tes t changes. W e do hope tha t 
there are extensive invest igat ions in process 
which will increase the va lue of a third 
volume. Prac t ice has shown, namely , tha t 
soil cul t ivat ion produces the mos t trouble. 
Chapter IV discusses t h e problems of 
chemization. I t appears t ha t t h e foliage spray 
experiments carried out b y Kol ta i and 
Pekáry have still not settled t he question, 
al though th is subject too belongs to the older 
ones. 
The papers of Chapter V deal with the 
subject of sowing. I t is a def iciency t ha t only 
two of the papers — small in numbers any-
way — discuss the question of direct sowing, 
al though i t is a really new a n d economically 
impor tan t subjec t . 
Chapter VI which deals w i t h t he problems 
of irr igation similarly only contains three 
papers. I t is highly probable t h a t this will 
be the mos t f requented field of research in 
the fu tu r e . 
The correlat ions of qua l i ty and various 
ecological fac tors are discussed with full 
part iculars in three interesting papers written 
by Mrs. E . Pollhamer. I t is a p i ty tha t the 
biological va lue of wheat p ro te in , the ques-
tion of lysine is dealt with only by a single 
group of au thors . 
The s t u d y collection " W h e a t growing 
experiments 1960—70" is a w o r t h y continua-
tion of t he f i r s t volume. I t provides a series 
of valuable research results for the experts. 
I t is a recen t document of agricultural re-
search work in Hungary, fo r which we are 
equally indeb ted to the a u t h o r s and the 
editor. T h e Akadémiai K i a d ó (Publishing 
House of t he Hungarian A c a d e m y of Sci-
ences) took pains over the ar t i s t ic execution. 









the effects of 
pricing policies 
C O L M A N , D.: The United Kingdom Cereal 
Market. An Economet r i c Invest igat ion into 
t h e Effects of P r ic ing Policies. Manches te r 
Univers i ty Press, Manchester, 1972. 
I n the field of agricultural economics 
econometric analyses , aimed a t disclosing 
technical and economic relat ionships, are 
o f t e n encountered. Econometrics is a means 
especially preferred in investigations aimed 
a t acquiring a b e t t e r knowledge of t h e effi-
ciency of past or present economic policies 
wi th the view of elaborating more sui table 
ones. 
The initiators a n d performers of such in-
vestigations as well as those ut i l iz ing the 
resul ts must, of course , be aware of t h e fact 
t h a t the efficiency of the methods depends , 
even within their own limits, to a g r e a t ex-
t e n t on the proper formulation a n d quan t i -
f ica t ion of technico-economic re la t ionships 
determining the phenomenon to be s tudied . 
The author pa id great a t ten t ion t o this 
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requirement while he prepared a n investiga-
tion of two i m p o r t a n t means of economic 
policy: the def ic iency payment scheme and 
the system of m i n i m u m import pr ices in the 
cereal branch of British agr icu l ture . This 
required an ana lys i s of the s u p p l y and de-
mand of cereals a n d of the l ivestock trends. 
I 
A survey of economic policies o n t h e basis 
of which the resu l t s and the conclusions 
drawn from t h e m could be eva lua t ed should 
be found — according to the t a b l e of con-
t en t s — in the f i r s t two chapters of t h e book. 
Unfor tunate ly , t h i s important p a r t is missing 
f r o m the copy s e n t to our ed i tor ia l office 
(while pages 17—32 appear twice). 
Chapter I I I su rveys the decision making 
conditions of t h e Bri t ish farms a n d t h e major 
factors inf luencing the decisions. I t is stated 
t h a t natural condi t ions , through t h e rigid-
ities of the p roduc t ion structure a d j u s t e d to 
t hem, cause a ce r t a in degree of inf lexibi l i ty . 
T h e author po in t s to the spatial locat ion of 
t h e processing indus t r i es as one of t h e major 
determinants . H e mentions t he sugar in-
d u s t r y as an e x a m p l e : 15 of the 17 English 
sugar factories a r e concentrated o n the area 
of two eastern shires of England. 
The volume of f ixed assets inves ted is also 
a factor causing inflexibility. I t s h igh pur-
chase and very low salvage value, expenses 
of removal even possibly exceeding t h e latter, 
t h e rather l imited possibility of a l te rnat ive 
utilization inhibi t t he producer in his react-
ing flexibly to e i ther declining or rising 
prices. The a u t h o r points out t h a t t h e rapid 
technical deve lopmen t shifts t h e supply 
funct ion to the r i g h t . I t has a decisive role 
f r o m the point of view of e s t ima t ing the 
funct ions of behav iour , since t echn ica l pro-
gress may s t r e n g t h e n the irreversibi l i ty 
caused by the f i x e d assets and, in t h e case of 
sufficiently in tens ive and rapid innovat ions , 
m a y offset or e v e n exceed the pr ice effect. 
Apart f rom t h e var ious conditions (dimen-
sions, specialization, relative p ro f i t ab i l i ty and 
capaci ty requ i rements , etc.), decision mak-
ing , and supply too, are considerably in-
f luenced by the wea the r in certain phases of 
t he per iod of vegeta t ion . 
T h e author stresses t h a t a supply a n a l y s t 
m u s t regard the decisions made by a g r e a t 
n u m b e r of producers as a process, in i t s dis-
t r i b u t i o n over time. 
T h e demand for cereals is analysed b y i t s 
composi t ion : as a d e m a n d for feed ( p u r -
chased feed and even wi th in this feed mixes 
dea l t w i th separately), as human consump-
t ion a n d industrial ut i l izat ion respect ively, 
and as seed grain r equ i rement . In this c h a p t e r 
f o d d e r demand is discussed in great de ta i l , 
w i th changes in feeds tuf fs , in feeding m e t h o d s 
and requirements per u n i t of ou tpu t be ing 
t a k e n in consideration. 
D a t a available did n o t allow to assess t h e 
t o t a l feed demand b y demand f u n c t i o n s 
specif ied for each k i n d of animal, so t h e 
aggrega t ion method suggested by the a u t h o r 
was n o t employed. 
T h e author emphasizes the role of t ech -
nical progress as a f a c t o r influencing t h e 
cereal demand serving t h e purpose of h u m a n 
consumpt ion . It is m a n i f e s t partly in va r i e t a l 
f e a t u r e s (e.g. new var ie t ies easier to grind a re 
i n t r o d u c e d in the produc t ion) , partly in t h e 
t echno logy of food i n d u s t r y (e.g. a n e w 
m e t h o d of kneading m a d e it possible for t h e 
b a k i n g industry to increase the propor t ion 
of sof t wheat in the a m o u n t of flour used) . 
I I 
T h e dependent va r iab le represented t h e 
h a r v e s t e d area, while as independent va r i -
ables t h e following were t aken into accoun t : 
the pr ice per unit of t h e product , unit pr ices 
of compe t ing products, own yield, yields of 
c o m p e t i n g cereals, yields of other compet ing 
agr icu l tu ra l products, f u r t h e r the inputs . As 
regards t he cereal prices i t must be e m p h a -
sized t h a t they were always considered as prices 
received by the p roducer , t ha t is, t hey in-
clude t h e subvention too . 
S t a r t i n g from the a b o v e general specifica-
t ion, t he author arr ived a t simpler fo rms b y 
concen t ra t ing yield a n d price in a single 
va r iab le as return f r o m sales per unit a rea . 
On a c c o u n t of the in fo rmat ion inf luencing 
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the p roduce r ' s decision, some of the variables 
are lagged, such as the acreage and the re tu rn 
per acre i n t h e previous y e a r , which may be 
accompanied b y climatic va r i ab les relative 
to the c u r r e n t or previous y e a r . Trend vari-
ables are o f t e n found in l inea r or quadra t ic 
or logar i thmic form. The r e t u r n per acre, 
lagged b y one year , appears in a form of com-
parison t o o : e i ther as d i f fe rence between re-
turns per acre of the s tud ied crop and some 
compet ing p roduc t or as a r a t i o of them. 
In t h e case of winter w h e a t , e.g., the fol-
lowing combina t ions of va r i ab l e s were used 
for purposes of es t imat ion : 
a ) r e t u r n per acre of w i n t e r wheat , r e t u r n 
per acre of bar ley , meteorological indices for 
Sep tember , October and N o v e m b e r (each of 
them lagged by one year ) a n d t he t rend: 
b) meteorological i n d e x for a u t u m n 
(lagged) a n d t rend . 
In the case of summer w h e a t : 
a) ac reage of winter w h e a t in the cur ren t 
year, the meteorological indices for February , 
March a n d April and as l agged variables, t he 
re turns pe r acre of whea t a n d barley; 
b) ac reage of winter w h e a t in the current 
year , the r a t io between t he r e t u r n s per acre 
of whea t a n d barley as a lagged variable, a n d 
the meteorological index fo r spr ing; 
c ) acreage of winter w h e a t in the cur ren t 
year, the t r e n d and the lagged spring weather 
index. 
Of t he func t ions specif ied for barley: 
a) t h e acreage of w h e a t in the cur ren t 
year, t he t r e n d , lagged va r i ab l e s are the acre-
age of bar ley and pota to , t h e r e tu rn s per acre 
of bar ley, oats , other cereals and from milk 
p roduc t ion ; 
b) ac reage of wheat in t he current year , 
as lagged var iables the ac reage of barley, t h e 
rat io of r e t u r n s per acre of bar ley and oa t s ; 
c) ac reage of wheat in t h e current year , 
the area producing rough fodde r , with a lag 
the acreage of barley a n d po ta toes , f u r t h e r 
the ra t io be tween re tu rns p e r acre of bar ley 
and oa t s . 
In t h e es t imat ion of t h e yields, the a u t h o r 
s ta r ted w i t h the a s s u m p t i o n t h a t wea ther 
condit ions in the critical p h a s e s of the vegeta-
tive per iod , fertilizer used in the previous 
c rop year and t he acreage belong t o t h e most 
i m p o r t a n t e x p l a n a t o r y variables. W e a t h e r 
was quant i f ied b y De Martonne indices for 
t h r e e months . T r e n d variables were also 
t a k e n in cons idera t ion in l inear, q u a d r a t i c 
a n d logari thmic f o r m s . In the case of whea t , 
t h e share of w in t e r whea t f rom t h e t o t a l area 
u n d e r wheat was also used as an i n d e p e n d e n t 
var iable . 
I l l 
A whole series of demand f u n c t i o n s were 
c o m p u t e d by t h e au thor for f e e d , h u m a n 
consumpt ion a n d seed grains. W i t h i n feed 
he t rea ted t he ind iv idua l cereals a n d the 
groups of h igh energy and p r o t e i n feeds 
separa te ly . F u n c t i o n s of demand fo r impor t ed 
cereals could n o t be quant i f ied ( d u e t o lack 
of adequate d a t a ) , nevertheless w i t h t he aid 
of demand a n d s u p p l y funct ions a n d fac tua l 
d a t a on net i m p o r t s , inferences concerning 
t h e cereal i m p o r t can be d rawn f o r periods 
on which s tock d a t a are ava i l ab l e , and 
changes in the s tock can thus be t a k e n into 
account . Fac to rs inf luencing t he d e m a n d for 
feed included t h e livestock ( expres sed in 
an imal uni ts weighed by the feed consump-
tion), the m a r k e t prices of the k i n d of feed 
in question a n d of the other feed gra ins , the 
prices — wi th gove rnmen t subsidies includ-
ed — of an ima l s and animal p r o d u c t s , the 
price of prote in feed and the a m o u n t of the 
roughage fed . 
Among t h e exp lana to ry va r i ab l e s of de-
m a n d for h u m a n consumption a n d indus t r ia l 
ut i l izat ion we f i n d the prices of t h e produc t 
(of adequate q u a l i t y ) in quest ion a n d of the 
f ina l product m a d e f rom it, t h e n u m b e r of 
popula t ion, t h e personal d isposable income 
a n d the prices of competing p r o d u c t s . 
Demand fo r seed grains was quan t i f i ed 
as a funct ion of t he acreage a n d of a trend 
variable. 
To es t imate t h e t rends of l ives tock num-
bers, yearly a n d quar ter ly f u n c t i o n s were 
used in var ious fo rms . Previous y e a r ' s stock 
was used as a n explana tory va r i ab l e , prices 
of high energy a n d protein f eeds similarly 
lagged, f u r t h e r t he returns of t h e other 
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g r o u p s of animals . T o estimate t he n u m b e r 
of fa t t en ing an ima l s t he breeding s t o c k was 
a l so taken into a c c o u n t as an i n d e p e n d e n t 
va r i ab le . 
IV 
I n order to t e s t t h e funct ions for r e l i ab i l i ty 
of es t imat ion, d a t a of the period 1963/64 
t h r o u g h 1970/71 w e r e subst i tu ted i n t o the 
f u n c t i o n s relative t o acreage and yie lds , while 
t h e evaluation of d e m a n d functions occur red 
b y using data for t h e period between 1963/64 
a n d 1967/68. T h e a u t h o r cons idered the 
e r ro r s in es t imates f o r wheat to be l a rge as 
t h e y exceeded severa l t imes 10 per c e n t , while 
i n t h e case of t he o t h e r cereals t he e r r o r re-
m a i n e d below 5 p e r c e n t almost e v e r y year . 
I t was remarkable t h a t t he acreage of ba r l ey , 
o a t s and mixed ce rea l s est imated b y m e a n s 
of these funct ions e v e n followed t he s u d d e n 
c h a n g e s tha t occur red a t the end of t h e per iod 
s t u d i e d (decrease i n t h e area of b a r l e y , in-
c rease in tha t of o a t s and mixed cereals) , 
w h i c h was a f u r t h e r evidence of the re l i ab i l i ty 
of these funct ions . 
As for wheat , i t m u s t be stressed t h a t , due 
t o t h e decisive role of weather in S e p t e m b e r -
Oc tobe r -November , project ions for severa l 
y e a r s ahead should necessarily a s sume " n o r -
m a l " weather cond i t i ons , in the a w a r e n e s s of 
l a rge potential e r ro r s i n the es t imates . I t is 
a n impor tan t s t a t e m e n t , on the o t h e r h a n d , 
t h a t on the basis of d a t a on the D e c e m b e r 
ac reage of winter w h e a t , the area to b e sown 
w i t h spring wheat in t h e next year as wel l as 
t h e to ta l h a r v e s t a b l e wheat area c a n be 
e s t i m a t e d ra ther wel l even 9 m o n t h s be fo re 
t h e publication of t h e official s ta t is t ical d a t a . 
I t follows f r o m t h e above tha t t he e s t i m a -
t i o n of volumes of o u t p u t as the p r o d u c t of 
e s t i m a t e d yields a n d acreages was n o t so 
re l i ab le in the case of whea t , while w i t h t he 
o t h e r cereals this p r o c e d u r e met the r e q u i r e -
m e n t s bet ter . I t m u s t be noted t h a t t h e error 
cri t icized in the case of whea t exceeded 10 per 
c e n t in 3 of the 8 y e a r s , and in 3 y e a r s was 
close to it. In the case of mixed cereals t h e r e 
w a s only one year w h e n the error of e s t i m a -
t i o n exceeded 5 pe r c en t . 
E r r o r of est imation of d e m a n d f u n c t i o n s 
p roved t o be much smal le r : i t of ten did n o t 
even r e a c h 1 per cent. I t was surprising, on 
the o t h e r hand , tha t in a f ive year per iod 
cer ta in func t i ons with r e l a t ive ly lower coef-
f ic ients of de te rmina t ion gave es t ima tes 
closer t o t he factual d a t a t h a n the ones in 
which t h i s character was subs tan t i a l ly b e t t e r . 
A n ana lys is of the pr ice effects revea led 
t h a t t h e acreage of win te r w h e a t was not too 
respons ive to the changes in the price of 
whea t , wh i l e the area u n d e r bar ley responded 
qui te wel l ( and posit ively !) to the changes in 
the w h e a t price. The j o i n t increase of t h e 
g u a r a n t e e d prices of w h e a t a n d barley would 
thus r e s u l t in an increase in the barley acre-
age a n d h a r d l y any change in t h a t of w h e a t . 
This cross-effect warns t h e decision m a k e r s 
to choose t h e measures in accordance w i t h 
the bas ic goal since the pol icy considered has 
more t h a n one element. 
G r a i n a n d milk p r o d u c t i o n were shown as 
compe t ing branches b y t h e funct ions t o o : 
the pr ice elastici ty of the cereal acreage on ly 
slightly exceeded the a b s o l u t e value of cross 
e las t ic i ty re la t ive to the mi lk price. 
The policy of m i n i m u m impor t pr ices 
would be a imed at r educ ing the subvent ions 
to t he cerea l producers on one hand , and t h e 
expenses in foreign e x c h a n g e on the o the r . 
However , t h e author has d r a w n the conclu-
sion f r o m a deeper analys is of the sys tem of 
func t ions discussed above t h a t an increase in 
the m i n i m u m export pr ices would not l ead 
to sav ings in foreign e x c h a n g e even if t he 
foreign suppl iers did no t increase the prices. 
In connec t ion with this, t h e au thor refers t o 
the f a c t t h a t the effects of economic policy 
measures a re much more complex than sup-
posed b y t h e officials s t i ck ing to surveys 
with t r a d i t i o n a l means. I nd i r ec t , not con-
spicuous b u t intense ef fects m a y thus be l e f t 
out of considerat ion, a l t h o u g h more consis-
tent a n d t h u s more e f f ic ien t economic policy 
measures could be t a k e n on the basis of 
studies pe r fo rmed in t ime a n d wi th adequa te 
me thods . 
J . S E B E S T Y É N 
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European solonetz soils and their reclamation 
(Ed. : I. Szabolcs), Akadémiai K iadó , Buda-
pest, 1971. 204. 
The in ternat ional fame of soil science in 
Hungary rests u p o n the results a t t a ined by 
Péter Treitz and Elek 'Sigmond a t t he begin-
ning of the cen tu ry . The present work which 
contains papers by Hungar ian a n d foreign 
authors has been published by the Publishing 
House of the Hungar i an Academy of Sciences 
as a continuation of this t rad i t ion . 
István Szabolcs's review on the formation 
and characteristics of the a lkal i soils of 
Europe is followed by seven papers the 
authors of which give an accoun t of the 
results a t ta ined in soil genesis a n d reclama-
tion in relation wi th alkali soils. 
Rajkov, L. offers a brief su rvey of the 
formation and reclamation of a lkal i soils in 
Bulgaria. He gives an account of t he results 
of soil reclamation experiments carried out 
in the neighbourhood of P lovd iv , where 
beside a chemical amelioration deep plough-
ing a n d subsoiling were also applied. T h e 
exper imen t s performed of fer a possibility of 
successful ly reclaiming alkal i soil spots on 
a re la t ively small area. 
Hra sko , J . reviews the alkali soils of 
Czechoslovakia and discusses the possibilities 
of m a k i n g use of these soils. The process of 
a lkal izat ion in the th ree main alkali regions 
of Czechoslovakia — South-Moravia, t h e 
Danube-va l ley and East-Slovakia — is 
described with special a t t en t ion to the role 
of t h e geological and geomorphological con-
di t ions. On the basis of a large number of 
da t a collected, in the course of a de ta i led 
soil mapp ing , valuable correlations are dis-
cussed between the t r e n d s of the various soil 
fo rming factors and the occurrence of alkal i-
za t ion . No report is presented either on 
rec lamat ion exper iments or on opera t ive 
meliorat ion, therefore th is paper is one-sided 
compared to the o thers . 
Á b r a h á m , L. and Bocskai, J . give ac-
coun t of the results of alkali soil research in 
H u n g a r y in the largest paper of the book . 
T h e y discuss the n a t u r a l causes of alkaliza-
tion and the effects of flood protection in 
detai l . Profiles of m a j o r alkali soil types are 
described, and comprehensive limit values of 
invest igat ion data on the various types are 
presented . Results of fertilization exper i -
men t s , efficiency of chemical and physical 
soil ameliorat ion are repor ted . After a brief 
su rvey of the history of alkali soil r ec lama-
t ion — which is, however , sufficient to give 
the reader a true p ic ture of the results of th i s 
b r a n c h of science — demonstrat ive d a t a of 
ameliorat ion exper iments and results ob-
t a ined with afforestat ion, rice production a n d 
i r r iga t ion on these soils are presented. 
Obre j anu , G. and S a n d u , G. deal wi th t he 
a lkal i soils of R o u m a n i e and sum u p the 
resu l t s a t ta ined in the i r reclamation. A m o n g 
the chemicals the e f fec t of phospho-gypsum 
is described, while in t he field of physical 
amel iorat ion numerous da ta are presented 
on the results of sal t leaching. On the bas is 
of detai led invest igat ions an account is g iven 
of t he influence of ameliorat ion methods on 
the distr ibution of exchangeable sod ium 
wi th in the soil profile as well as on the yield. 
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Grande Covián, R. p r e sen t s the soil 
amel iorat ion problems of Spa in by the ex-
ample of t h e saline soils in t h e delta of the 
Guada lqu iv i r . These " m a r s h " soils contain 
a considerable amoun t of chlor ides a high 
proport ion of which is common sal t . The pre-
conditions of amelioration a re here: release 
from the e f f e c t of sea-water, leaching with 
fresh water a n d improvement of permeabi l i ty 
in the deeper soil layers. The a u t h o r presents 
numerous d a t a on the promis ing resul ts , and 
utilization of these areas for l ives tock breed-
ing is e x p e c t e d accordingly. 
Рак, К . P . diseusses the classif icat ion of 
alkali soils f o u n d in the E u r o p e a n par t of the 
Soviet U n i o n a n d gives an a c c o u n t of the 
results a t t a i n e d with gypsum. D a t a of long-
time e x p e r i m e n t s prove the f a v o u r a b l e effect 
of chemical amel iora t ion on b o t h t h e chemical 
character is t ics of soils and t h e crop yields 
a t ta ined on t h e m . 
Miljkovic, N. and P lamenac , N. describe 
alkali soils in Yugoslavia, in t h e regions of 
Vojvodina, B á c s k a , Báná t , Macedonia and 
Syrmia. F o r m a t i o n of these soils is discussed 
and their p rope r t i e s described on the basis 
of detailed geological and geomorphological 
explanat ions . T h e high boron con ten t s of 
alkali soils w h i c h may be h a r m f u l in many 
cases, as well as the d i s t r ibu t ion of clay 
minerals in t h e different soil horizons are 
emphasized. O n the basis of t h e la t te r da ta 
the a lkal iza t ion theory of Gedroiz and 'Sig-
mond seems to be conf i rmed. I n the soil 
reclamation sect ion t rea tments w i t h powdered 
sulphur m a y be outlined as resul t ing in 
favourable changes . 
The above p a p e r s are followed b y a biblio-
graphy compi led by György V á r a l l y a y , which 
is divided i n t o two parts . In t h e f i r s t par t 
titles of p a p e r s on the E u r o p e a n alkali soils 
published b e t w e e n 1960 and 1969 are con-
tained, while in the second p a r t titles of 
bibliographies covering pape r s published 
be fo re 1960 are p re sen ted . The two p a r t s give 
fu l l information on t he l i terary sources thus 
of fer ing a subs t an t i a l help to exper t s dealing 
w i t h or in teres ted in the subjec t . 
F rom the sho r t enumera t ion we can see 
t h a t the collection of papers is s u i t a b l e to 
increase the i n t e r n a t i o n a l r e p u t a t i o n of 
Hunga r i an soil science. By its comprehens ive 
charac te r it m a y h a v e a media to ry role to-
w a r d s the soil r e sea rchers of o ther con t inen t s . 
T h e in t roduc tory p a p e r of Szabolcs I . gives 
an appropr ia te f r a m e to the papers a n d the 
b ib l iography compi led by V á r a l l y a y Gy. 
increases the comple teness and use of the 
w o r k . 
On the basis of all this the pub l i ca t ion of 
t h e book is welcome. Nevertheless t h e r e are 
some minor fau l t s w i t h o u t which t h e work 
would still more valuable . This r e m a r k 
appl ies to some f a u l t s of cons t ruc t ion 
a n d print ing which , u n f o r t u n a t e l y , reduce 
t h e value of the b o o k . Fi rs t we h a v e to men-
t ion the English l a n g u a g e which va r i e s f r o m 
p a p e r to paper to a considerable e x t e n t . The 
use of terms like " g y p s u m i n g " is n o t too 
fel ici tous. I t is i l logical t h a t in m a n y places 
in t h e tex t and t ab l e s t he short f o rm of milli-
g ram-equiva len t is " m e . " while in t he f igures 
" m e q . " . Mistakes l ike " s o j o n e t z " on t h e alkali 
soil m a p of Europe , CO|~ ins tead of C 0 3 ~ 
in t h e table on page 57, " T - é r t é k " i n s t e a d 
of " C E C " in the t a b l e on page 69 a re con-
spicuous. The f i r s t l ine of page 99 is non-
sensical , in the f i g u r e on page 103 N C O ^ is 
f o u n d instead of HCO.j~. 
I n spite of these technica l deficiencies the 
book has reacted i t s purpose : i t s u m m a r i z e s 
o u r knowledge of t h e alkali soils a n d helps 
in mak ing the i n t e r n a t i o n a l va lue of t he 
t r ad i t i ons and r e c e n t resul ts of H u n g a r i a n 
a lka l i soil research k n o w n . 
P . S T E F A N O V I T S 
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РЕЗЮМЕ 
В Л И Я Н И Е 2,4-D НА АКТИВНОСТЬ ПОЛИФЕНОЛОКИСЛЕНИЯ ИЗОЛИРОВАН-
Н Ы Х Т К А Н Е Й К А Р Т О Ф Е Л Я 
Е. КОВАЧ, Б. ФАЛУДИ 
Изучалось влияние 2,4-D на активность полифенолокисления изолированных 
тканей картофеля. Прибавленный к препарату энзимов 2,4-D в концентрациях Ю - '— 1 0 _ , М 
не оказал влияния на активность энзимов. В культурах картофельных тканей, разведенных 
на питательной среде с различной концентрацией 2,4-D активность полифенолокисления 
оказалась различной. 2,4-D при концентрации 10~*М слегка возбуждает активность энзимов 
в культурах тканей тогда, как при концентрации 10 _ 3М значительно задерживает актив-
ность фенолазы. Субстраты фенолазной системы в оболочке клубней картофеля следующие: 
кофейная, хлорогенная и нзохлорогенная кислоты. И активность фенолазы, и содержание 
полифенола показали количественные изменения в зависимости от сорта картофеля. 
О П Р Е Д Е Л Е Н И Е ГУСТОТЫ, А ТАКЖЕ МАССЫ П Ы Л Ь Ц Е В Ы Х З Е Р Е Н 
ДЬ. ПАЛ, М. ПОКА 
Густота пыльцевых зерен может быть определена методом гидростатической флота 
ции, используя две свободно смешивающиеся жидкости, которые не растворяют, а только 
смачивают пыльцевые зерна. Жидкая смесь, в которой пыльцевые зерна плавают, везде 
может быть приготовлена из воды и глицерина. Флотация пыльцевых зерен, то есть гидро-
статическое равновесие наступает тогда, когда густота у жидкой смеси станет той ж е самой, 
как у пыльцевых зерен. Поэтому определение густоты пыльцевых зерен можно свести к 
простому определению густоты жидкости, что можно легко и быстро сделать с помощью 
шкалы Mohr-Westphal. У поры пыльцевых зерен плазмалемма не повреждается жидкостью, 
используемой для измерения потому, что они тесно связаны. Воздушные пузыри, при-
крепленные к поверхности пыльцевых зерен, а также поверхностная неровность (утолще-
ние и аппозиция) сексины устранимы употреблением очистительных средств. Если пыльце-
вые зерна оставляют в измерительной жидкости в течение длительного периода, появляется 
седиментация, в результате увеличивающейся густоты за счет обезвоживания цитоплазмы. 
ИССЛЕДОВАНИЕ ФИТОМАССЫ НА СОЛОНЦОВОМ ПАСТБИЩЕ 
(Achilleo-Festucetum pseudovinae) II 
И. МАТЕ, И. ПРЕЧЕНИ 
Исследования по количеству фитомассы проводились с 1969 по 1971 г. на солонцовом 
пастбище (Achilleo-Festucetum pseudovinae; Уйсентмаргита, показательная территория 
IBP), а также на поле, выключенном из пастьбы. Вес частей над уровнем почвы опре-
делялся по образцам скашивания, а вес частей под уровнем почвы по монолитным об-
разцам, после высушивания при 105°С. Авторы изучают связь между климатическими 
условиями и продуктивностью; количеством продукции, числом зерен в почве. Рас-
сматривается продуктивность, время смены веществ и темп образования продукции у 
Festuca pseudovina. а также у частей над и под уровнем почвы. 
НЕСКОЛЬКО ЦИТОЛОГИЧЕСКИХ И МОРФОЛОГИЧЕСКИХ П Р И З Н А К О В 
У ОКТОПЛОИДНОГО ПОСЕВНОГО ЭСПАРЦЕТА (Onobrychis viciifolia Scop.), 
И Н Д У Ц И Р О В А Н Н О Г О КОЛХИЦИНОМ 
И. БОЧА, Р. КИШКЕРИ, Ш. ХЕЙЙА 
Из сортов автотетраплоидного посевного эспарцета (2п = 4х = 28) Матра и Ком-
полти, а также из их поликроссного потомства путем обработки колхицином получился 
октоплоидный посевной эспарцет (2п = 8х = 56). Изучались главные цитологические и 
морфологические признаки двух уровней плоидии. Отношение экземпляров с 8п оказалось 
сравнительно постоянным (86—95%) в генерациях С^—С6, в то ж е время найдены много-
численные анеуплоидные формы, частота которых менялась в некоторых генерациях, но 
оказалась сравнительно большой. Степень обратной регуляции на тетраплоидный уровень, 
и также отношение гексаплоидов ничтожны, и ими можно пренебречь. С точки зрения 
изученных цитологических признаков — как размер клетки и устьица, хлоропластов в 
устьицах и пыльцевых зерен — особи с 8п превышают формы с 4п. Изученные формы с 8п 
превышают особи с 4п и по ряду морфологических признаков листьев и частей цветка, так 
напр. больше по размеру семядольные листья, простые и сложные листья, больше вес 
листочек и листьев,' площадь листочек, черенок более толстый. По размерам частей 
цветка октоплоидный посевной эспарцет тоже превышает особи с 4п (парус, лодочка, крылья 
и «половой столб»), В фенофазах наблюдается смещение, т. е. рост и развитие форм с 8п более 
затянуты. 
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EFFECT OF 2,4-D ON THE POLYPHENOLOXIDASE 
ACTIVITY OF ISOLATED POTATO TISSUES 
B y 
E . I . K O V Á C S , В . F A L U D I 
D E P A R T M E N T OF P H Y L O G E N E T I C S AND G E N E T I C S . EÖTVÖS L O R Á N D U N I V E R S I T Y , B U D A P E S T 
The effect of 2 ,4-D was studied on the polyphenoloxidase activity of isolated 
po t a to tissue. 1 0 " 7 — 1 0 " 3 M concentrat ion of 2,4-D a d d e d to the enzyme p repa ra t i on 
had no influence on t h e enzyme ac t iv i ty . In potato t i ssue cultures grown on cul ture 
media wi th various 2 ,4-D concentrat ions t h e activity of polyphenoloxidase is d i f fe ren t . 
A 2,4-D concentrat ion of 10" 4 M slightly stimulates the enzyme activity in t h e tissue 
cul tures, while t ha t of 10" 3 M inhibits t h e phenolase ac t i v i t y to a great e x t e n t . The 
subs t ra tes of the phenolase system in t h e skin of potato t u b e r s are: caffeic ac id , chloro-
genic acid and isochlorogenic acid. B o t h phenolase ac t i v i t y and polyphenol con ten t 
showed quant i ta t ive differences depending on the po ta to varieties. 
Introduction 
During our experiments studying the effect of 2,4-D on the growth and 
metabolism of potato tissue cultures, we found that the degree of browning 
was dependent on the concentration of 2,4-D. Lower concentrations of 2,4-D 
caused a darker brown colour of the tissues while in the presence of higher 
2,4-D concentrations the expiants remained lighter. The phenomenon sug-
gested that the 2,4-D may have influenced the activity of the phenoloxidases. 
In the browning processes of plant tissues and organs researchers have 
long attached a great importance to polyphenoloxidase, tyrosinase. The proc-
esses of browning have been thoroughly investigated in tea and tobacco leaves, 
potato tuber and egg-fruit ( H A T T O R I — S H I R O Y A 1 9 5 5 , Z U C K E R — S T I N S O N 
1 9 6 0 , K N A P P 1 9 6 1 ) . Some authors pointed out that tissue browning could be 
inhibited with substances containing — S H (e.g. cysteine, glutathione, H E N Z E 
1 9 5 6 ) and with other reducing substances (e.g. ascorbic acid, D A W S O N — M A G E E 
1 9 5 5 , M A K O W E R 1 9 6 4 ) . 
In our experiments we set the aim of studying more closely the effect 
of 2,4-D on browning in potato tissues and the activity of the phenoloxidases. 
Material and Method 
The exper iments were per formed with t h e varieties " G i i l b a b a " and "Margi t" of Solanum 
tuberosum. The experimental mate r ia l was ob ta ined from the N a t i o n a l Research I n s t i t u t e of 
Agrobotany and also grown a t t h e Biological S t a t i on of the Eötvös Loránd University a t Alsó-
göd. 
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From the internal flesh of p o t a t o tubers (variety "Gülbaba") slices of 5 X 5 mm and 
25—26 mg average weight were cut a n d placed under sterile conditions on an agar culture 
of a modified Whi te medium. In addi t ion to the mineral substances the culture medium 
contained the fol lowing compounds: 0.1 mg/lit aneurine, 0.5 mg/li t pyridoxine, 0.5 
mg/lit nicotinic acid, 2.0 mg/lit glycine, 75 mg/lit enzymat ic hydrolysed easeine (Amparon), 
2 per cent saccharose, 1 per cent agar. 2.4-D was used a t concentrations of 1 0 " 1 0 ~ 5 , 10~ 4  
and 10" 3 M, while variants without 2 ,4-D were used for control. The cultures were kept in the 
dark , at a tempera ture of 26 °C. Samples were taken on the 5th, 10th and 15th day. 
Expiants f reed from the agar and weighed were frozen and an acetone-dry powder 
was prepared f rom them ( D A W S O N — M A G E E 1 9 5 5 ) . The acetone-dry powder was extracted with 
a 0.15 M phosphate buffer (2 ml/g dry powder, pH = 6.8) over 12 hours at 1 3 °C. The extract 
was filtered and this filtrate, used as enzyme containing preparation. 
The polyphenoloxidase act ivi ty was determined on the basis of oxygen decrease by 
Warburg 's manometr ic method. The react ion mixture contained 0.2 ml enzyme preparation. 
1.3 ml 0.15 M phosphate buffer (pH = 6.8) and 0.5 ml 0.056 M chlorogenic acid solution. (The 
f ina l volume was 2.0 ml.) Activity was measured at 25 °C. Oxygen decrease was checked every 
two minutes. 
The nitrogen content of the preparat ion was determined, after sulphuric acid destruc-
t ion (Kjeldahl), f r om the extinction value obtained by the photometry of the colour produced 
with Nessler's reagent . Enzyme activities were expressed in p lit. 0 2 decrease per /eg N per hour. 
The extraction of polyphenols was carried out on the basis of data given by J O H N S O N — 
S C H A A L ( 1 9 5 2 ) a f te r some modifications. The weighed skin of tubers was homogenized wi th 
sea sand with 96 per cent ethanol, and sodium bisulphite (0.3 ml 10 per cent bisulphite/g f resh 
weight) was used to inhibit the phenolases. Extraction was performed with 96 per cent ethanol 
twenty times the amount of the fresh weight at 55 °C for 2 hours. The ex t rac t was filtered, 
dried, then the dry residue was dissolved with 96 per cent ethanol a t a ratio of 0.5 ml/g 
fresh weight. Chromatography was performed on Schleicher-Schüll 2043/b paper in one dimen-
sion. The chromatograms were developed in a mixture of butanol : acetic acid : water of a rat io 
of 4 : 1 : 5 , or in 1 0 per cent acetic acid ( B L O C K et al. 1 9 5 8 ) over 15 hours. Fluorescence of spots 
was studied. Chromatograms neutralized in ammonia gas were developed wi th a 0.1 per cent 
solution of FeCl3, diazotated p-nitranilin plus 2 0 per cent Na2C03 ( B L O C K et al. 1 9 5 8 ) . 
For quant i ta t ive determination an amount of ex t rac t corresponding to 2 g fresh weight 
was chromatographed. The spots were cut out and the polyphenols eluated with 6 ml distilled 
water. The eluate was examined in an UVIFOT photometer at a wave-length of 313 millimi-
cron. (Although the absorption max imum of the chlorogenic acid is 326 millimicron, on the basis 
of comparative determinations made wi th Beckman's spectrophotometer we found that meas-
uring at a wave-length of 313 millimicron did not affect the correctness of our results. (The 
extinction values were expressed in chlorogenic acid quantities on the basis of a s tandard 
curve made with chlorogenic acid.) 
The results of the experiments were obtained f rom three parallel measurements of four 
experiment series. 
Results 
The f i r s t s t ep was to f i n d ou t how t h e var ious concen t ra t ions of 2 ,4-D 
inf luenced in a n in vitro e n z y m e prepara t ion t h e act ivi ty of t h e polyphenolase 
enzyme. The resu l t s of the e x p e r i m e n t s are s h o w n in Table 1. 
From T a b l e 1 it can he seen t h a t the po lyphenoloxidase ac t i v i t y is iden-
t ical at all t h e applied 2,4-D concen t ra t ions , t h a t is 2,4-D does not d i rec t ly 
inf luence t h e ac t iv i ty of the po lypheno lox idase enzyme. 
The fol lowing step was t o s t u d y the polyphenoloxidase a c t i v i t y in exp ian t s 
of po ta to t u b e r tissues grown on culture m e d i a of d i f fe ren t 2,4-D concen-
t ra t ions . 
Table 2 shows the po lyphenoloxidase a c t i v i t y of 5, 10 a n d 15 days o ld 
t issue exp ian t s . 
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Table 1 
Effect of various concentrations of 2,4-D on the polyphenoloxidase activity of in 
vitro enzyme preparations (expressed in filit. О J fig NJhour) 
Time 
of determinat ions U n t r e a t e d 
2,4 —D concent ra t ions 
10-'M ю-'M ю-« M 10"'M 
2 minutes 106 110 108 103 105 
4 minutes 212 221 217 208 212 
6 minutes 327 329 322 312 327 
8 minutes 431 438 429 415 430 
Table 2 
Effect of various 2,4-D concentrations on polyphenoloxidase activity in 5, 10 and 
15 days old tissue cultures ( f i lit. 0,/fig N/hour) 
Age of tissues 
T i m e 
of d e t e r m i n a t i o n s Untreated 
2,4-D concentra t ions 
10-'M 10-» M ю-« M ю-« M 
2 m i n u t e s 97 99 77 73 44 
5 days 4 minu te s 195 199 158 146 88 
6 m i n u t e s 288 292 232 214 137 
8 m i n u t e s 378 376 305 272 187 
2 minu te s 132 119 104 161 27 
10 days 4 m i n u t e s 259 243 208 308 60 
6 minu te s 382 353 299 470 82 
8 minu te s 494 458 384 617 104 
2 m i n u t e s 202 213 201 281 38 
15 days 4 m i n u t e s 400 403 388 562 76 
6 m i n u t e s 608 611 562 796 105 
8 m i n u t e s 806 780 736 1007 133 
I n 5 days old t i s sues the enzyme ac t iv i ty of t h e 2,4-D-free cont ro l and 
t h a t of exp ian t s grown o n cul ture m e d i a conta in ing 2 ,4-D at a concen t ra t ion of 
10~7M can be considered identical. O n t h e other h a n d , in the presence of 2,4-D 
a t concent ra t ions of 1 0 - 5 and 1 0 - 4 M t h e po lyphenolase act ivi ty s l ight ly de-
creases. The decrease of enzyme a c t i v i t y is the h ighes t in the case of a 2,4-D 
concen t ra t ion of 1 0 ~ 3 M. I n this case t h e tissues do n o t t u r n b rown , while in 
the case of the c o n t r o l and lower concen t ra t ions of 2,4-D a v e r y slight 
b rowning can be o b s e r v e d . 
I n t h e 10 days o ld tissues t h e changes are e v e n more conspicuous. As 
compared to the u n t r e a t e d control t h e 2,4-D at a concen t ra t ion of 1 0 - 7 M had 
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an ins ignif icant effect on the po lypheno lox idase ac t iv i ty , while a t 10~5M inh ib -
i ted it t o 22 pe r cent . I t is in te res t ing t h a t a t a 1 0 _ 4 M concen t r a t i on 2 ,4-D 
increases e n z y m e ac t iv i ty b y 24 pe r cent . On t h e o ther hand , a t a 10~3M 2,4-D 
concen t ra t ion a 79 per cent inh ib i t ion can be observed. 
U n t r e a t e d control t issues h a v e t h e d a r k e s t brown colour , t issues g rown 
on cul ture med ia wi th 2,4-D concen t ra t ions of 1 0 - 7 M a n d 10~ 5M b e c o m e 
less b rown , whi le in the presence of 2,4-D a t a concen t ra t ion of 10~4M — 
w h e n growth is o p t i m u m — a n d 10~ 3 M t h e t issues do no t t u r n brown. 
On t h e 15 th day differences in enzyme ac t iv i ty become sti l l more p ro -
nounced (Table 2). The tab le shows t h a t 10~ 7 and 10~5M concen t ra t ions of 
2,4-D ha rd ly inf luence the po lyphenolase a c t i v i t y of tissues c o m p a r e d to t h e 
cont ro l (2 a n d 9 per cent respect ively) . The g rowth s t imula t ing concen t ra t ion 
of 10~ 4M enhances t h e oxygen decrease here, t oo (24 per cent ) . T h e ex ten t of 
0 2 consumpt ion corresponds t o t h e change of ac t i v i t y found in t h e 10 days old 
t issues. In t h e case of t h e g rowth inhibi t ing 1 0 - 3 M concen t ra t ion of 2,4-D t h e 
inhibi t ion of e n z y m e act iv i ty is of ex t remely h igh ex ten t (83 pe r cent) . Brown-
ing shows a t e n d e n c y similar t o t h a t found in t h e 10 days old t i s sues . 
I t can b e seen f r o m t h e a b o v e t h a t in v ivo 2,4-D inf luences t h e polyphe-
noloxidase a c t i v i t y of tissues indi rec t ly . W h e n compar ing t h e e n z y m e act ivi t ies 
of 5, 10 and 15 days old t issue cu l tu res we f ind t h a t with t h e except ion of t h e 
10~ 3 M concen t ra t ion of 2,4-D t h e polyphenoloxidase ac t iv i ty increases in t h e 
10 and 15 days old t issues c o m p a r e d to t h e 5 d a y s old ones. I n t h e case of t h e 
10~ 3 M concen t ra t ion , on t h e o the r h a n d , a decreasing t e n d e n c y prevai ls . 
F u r t h e r inves t iga t ions are needed to f ind ou t which metabol ic p a t h w a y s a r e 
a f fec ted b y t h e indirect effect of 2,4-D. 
Subsequen t ly we examined whe the r po lyphenoloxidase ac t iv i ty w a s 
d i f fe ren t in p o t a t o variet ies g iv ing genetical ly d i f ferent responses to 2,4-D. 
T a b l e 3 shows t h a t t h e phenolase ac t iv i ty is n o t uni formly d i s t r i bu t ed in t h e 
p o t a t o t ube r . Po lypheno lox idase ac t iv i ty is lower in the inner f lesh of t u b e r s 
t h a n in t h e skin . 
I t is in t e res t ing t h a t the po lyphenolox idase ac t iv i ty is ident ica l ly h igh 
in t h e skin of t h e 2,4-D res is tant " M a r g i t " v a r i e t y and the sens i t ive " G ü l b a b a " 
v a r i e t y . In t h e f lesh of the t u b e r s t h e enzyme ac t i v i t y — while lower — showed 
decided di f ferences between t h e sensi t ive and res i s t an t variet ies . I n the resist-
a n t " M a r g i t " v a r i e t y the flesh of t h e t u b e r d i sp layed a higher polyphenoloxi -
dase ac t iv i ty t h a n t h a t of the sens i t ive va r i e ty . These results sugges t t h a t t h e 
differences of res i s tance to 2,4-D a re shown in t h e differences of phenolase ac t iv-
i t y in the f lesh of p o t a t o t ube r s , too. 
F u r t h e r we examined which n a t u r a l s u b s t r a t e s of the po lypheno lox idase 
e n z y m e occur in t h e tubers . In t h e inner flesh of t ube r s our inves t iga t ions point -
ed ou t polyphenol der ivat ives on ly in t races. In t h e skin of t u b e r s , on the o the r 
h a n d , polyphenols were found in considerable a m o u n t s . On t h e c h r o m a t o g r a m s 
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of e x t r a c t s obta ined w i th e thanol f i v e f luorescent spots were s e p a r a t e d which 
on t h e basis of t h e reagen ts used cou ld be considered po lyphenol der ivat ives 
(Tab le 4). 
Table 3 
Changes in polyphenoloxidase activity in the tubers of various potato varieties (jul OJ/ig Njhour) 
Time 
of de te rmina t ions 
V a r i e t y 
Gi i lbaba Margit 
sk in flesh skin flesh 
2 minu tes 2 3 2 8 6 2 4 4 1 7 4 
4 minu tes 4 6 5 1 7 1 4 9 0 3 4 7 
6 minu tes 6 8 5 2 5 6 7 3 3 5 2 2 
8 minutes 9 2 5 3 3 9 9 7 5 6 9 5 
Of the f luorescen t spots, s p o t " E " was ident i f ied as caffe ic acid, spot 
" D " as chlorogenic ac id on the ba s i s of their locat ion in t h e d i f f e ren t solvent 
s y s t e m s (R f), chemical reactions a n d t h e paral lel c h r o m a t o g r a p h y of s t anda rd 
chlorogenic acid a n d caffeic acid respect ive ly . According to our invest igat ions 
a n d on t h e basis of l i t e ra ry re fe rences (WEAWING 1958) spot " C " might he 
r e g a r d e d as isochlorogenic acid. S p o t s " A " and " B " were n o t ident i f ied . 
Of the po lypheno l der iva t ives found on t h e c h r o m a t o g r a m s spots " C " , 
" D " a n d " E " could also he d e t e r m i n e d quan t i t a t i ve ly . I t is caffeic acid t h a t is 
genera l ly found in t h e largest a m o u n t s , chlorogenic acid is less, and isochloro-
genic acid occurs in a still lower q u a n t i t y (Table 4). Spots " A " a n d " B " were 
Table 4 
Rf values and colour reactions in the chromatograms of polyphenol derivatives 




A в С D E 
Rf (butanol . acetic 
acid, water 
1 : 1 : 5 ) 0.10 0.20 0.41 0.45 0.74 
R f ( 1 0 % acetic acid) 0.65 0.68 0.39 
UV fluorescence blue greenish bluish-green blue blue 
Ammonia gas yellow yellow yellow yellow yellow 
N H 3 + 0.1% FeCl3 steel-grey pale grey greyish greenish-grey dark grey 
Diazo ta ted 
p-nitranil ine red red red brownish brown 
Ident i f ied matter 9 ? (?) isochloro- chlorogenic caffeic acid 
genic acid acid 
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n o t q u a n t i t a t i v e l y de t e rmined . On spo t " B " t h e c o m p o u n d is general ly pres-
e n t in t h e lowest q u a n t i t y , t h e ma te r i a l con ten t of spot " A " is somewha t 
h ighe r though it is no t s igni f icant compared to t h e a m o u n t of isochlorogenic 
ac id . According to T a b l e 5 t h e a m o u n t of polyphenols was higher in t h e var ie ty 
" M a r g i t " t h a n in t h e " G ü l b a b a " a t t h e t ime of t h e inves t iga t ions . 
The polyphenol con t en t of t h e va r i e ty " E l l a " is higher t h a n t h a t of t h e 
" G ü l b a b a " b u t lower t h a n t h e po lyphenol con t en t of t h e va r i e ty " M a r g i t . " 
Table 5 
Polyphenol content in the skin of tubers of various potato varieties 
(mg/g fresh weight) * 
Polyphenols 
P o t a t o var ie t ies 
Gülbaba Ella Margit 
Caffeic acid 0.250 0.875 1.125 
Chlorogenic acid 0.250 0.425 0.875 
Isochlorogenic acid(?) 0.125 0.250 0.250 
* Values are expressed on the basis of the chlorogenic acid s t andard curve. 
Discussion 
Our exper iments h a v e revealed t h a t in vivo 2,4-D inf luences t h e poly-
phenolox idase ac t iv i ty of p o t a t o t issues . According t o our exper iments 2,4-D 
on ly increases t h e phenolase ac t iv i ty b y 24 per cent a t t h e growth s t imula t ing 
concen t ra t ion of 10~ 4 M. This concen t ra t ion is h igher t h a n t h a t used b y others . 
M O R E L — D É M É T R I Á D E S (1955) observed t h e s t imula t ion of polyphenoloxidase 
a c t i v i t y in ar t ichoke t issue cul tures w h e n 2,4-D was appl ied a t a concen t ra t ion 
of 10~ 6M. S P U R R et al. (1962) cu l tu red normal and crown-gal l t issues of t oma to 
on cu l tu re media w i th and w i t h o u t a 2,4-D conten t a n d s tudied t h e oxidizing 
ac t iv i t i e s of ascorbic acid and chlorogenic acid in t h e t i ssue homogena tes . Nor-
m a l t issues grew b e t t e r on cu l ture media conta in ing 2,4-D t h a n on those with-
o u t a 2,4-D conten t , never theless t h e enzyme act iv i t ies s tudied b y t h e au thors 
showed higher values in t issues grown on a 2,4-D-free cu l ture m e d i u m t h a n in 
t h o s e grown in t h e presence of 2 ,4-D. The growth of t issues isolated f rom a 
crown-gal l was slower, and their e n z y m e ac t iv i ty lower in a cu l tu re medium 
con ta in ing 2,4-D in compar ison w i th t issues grown on a 2,4-D-free cul ture 
m e d i u m . 
The concent ra t ion of 2 , 4 - D used b y S P U R R et al. (1962) corresponds to 
2 ,71 XlO~ 5 M (6 mg/l i t ) , i.e. it is lower t h a n t h a t found t o be s t imu la to ry in our 
expe r imen t s in n o r m a l t issues. On t h e o ther hand , t h e inhibi t ion of phenolase 
a c t i v i t y occurred a t a higher concen t ra t ion of 2,4-D in our exper iments . These 
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differences may be due t o t h e fact t h a t t h e cul ture med ia t h e au thors men t ioned 
using were others t h a n t h o s e used in o u r exper iments and t hey added coconut 
milk t o t h e m which also contained fac to r s a f f ec t ing t h e re la t ion be tween 
2,4-D a n d the pheno lase system. T h e divers i ty of t h e exper imenta l ob jec t s 
m a y also have c o n t r i b u t e d to the d i f ferences . 
2 ,4-D may exer t i t s inhibit ing e f f ec t on t h e phenolase ac t iv i ty b y d a m a g -
ing t h e mi tochondr ia a s t h e polyphenoloxidase a c t i v i t y was localized in t h e 
mi tochondr ia ( M C C L E N D O N 1953). T h e r e is evidence of 2 , 4 - D inf luencing t h e 
mi tochondr ia l f u n c t i o n s : oxidat ive p h o s p h o r y l a t i o n and other enzyme ac t iv -
ities ( K E Y et al. 1960, W E D D I N G — B L A C K 1962). 
Since 2 , 4 - D m a y cause the des t ruc t i on of cell m e m b r a n e s ( F A L U D I et al. 
1959) i t can be supposed t h a t changes in t h e mi tochondr ia l m e m b r a n e s involve 
changes in the func t ion of t h e phenolase sys tem. No close correlat ion was f o u n d 
be tween t h e browning a n d growth of t issues. 
I n our expe r imen t s 2,4-D was f o u n d to h a v e no effect on t h e ac t i v i t y of 
in v i t r o enzyme e x t r a c t s . This agrees wi th t h e resul t s obta ined b y o t h e r 
au thors , t ry ing to i n f l u e n c e other e n z y m e s ( B L A C K — H U M P H R E Y S 1 9 6 2 ) . 
F u r t h e r inves t iga t ions may t h r o w light upon t h e mechanism of t h e indi-
rect e f fec t of 2,4-D. I n t h e pota to va r i e t i e s examined b y us t h e subs t r a t e s of 
the pheno lase system a r e mainly caf fe ic acid and chlorogenic acid. These poly-
phenols a re not u n i f o r m l y dis t r ibuted in t h e t u b e r : t h e skin of t h e t u b e r con-
ta ins a considerably l a r g e r amount of po lyphenol . Th i s was observed b y o the r 
au tho r s too ( C H E N G — H A N N I N G 1 9 5 5 , C R A F T S et al. 1 9 5 8 ) . T h e a m o u n t of chlo-
rogenic acid and caffeic acid was found t o vary in t h e d i f fe rent p o t a t o var ie t ies . 
F rom th i s fac t , however , no fa r - reaching conclusions can be d rawn on t h e speci-
fic di f ferences , as it h a s b e e n pointed o u t b y a n u m b e r of research workers t h a t 
the po lyphenol con t en t of pota to t u b e r s is highly in f luenced b y t h e condi t ions 
of cu l t i va t ion and s t o r a g e as well as b y cl imatic f ac to r s ( C R A F T S et al. 1 9 5 8 , 
W O L F G A N G et al. 1 9 5 9 ) . The s t imu la t i on of t h e e n z y m e ac t iv i ty could be 
expla ined by gene a c t i v a t i o n . 
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DETERMINATION OF THE DENSITY AND MASS OF 
POLLEN GRAINS 
B y 
G y . P Á L , M . PÓKA 
A G R I C U L T U R A L R E S E A R C H I N S T I T U T E O F T H E H U N G A R I A N A C A D E M Y OF S C I E N C E S . 
M A R T O N V Á S Á R 
The densi ty of pollen grains can he determined by t h e hydros ta t i c f loatation 
m e t h o d in two f ree ly intermixing l iquids which do no t dissolve only wet the pollen 
grains. A liquid m i x t u r e in which pollen grains remain f loa t ing everywhere can be pre-
pa red from water a n d glycerine. The f loa ta t ion of pollen grains, t h a t is t he hydrosta t ic 
equil ibrium sets in when the density of t h e liquid mix tu re is exactly the same as t ha t of 
t h e pollen grains. T h e determinat ion of pollen grain densi ty can thus be reduced to a 
s imple determinat ion of liquid densi ty which can be carried ou t easily and quickly with 
Mohr-Westphal scales. A t the pores of t h e pollen gra ins t he p lasmalemma is not dam-
aged by the measur ing solution coming in to close con tac t wi th it . Air-bubbles adhering 
t o t he surface of pollen grains and superficial unevenness ( thickening and apposition) 
of t he sexine can be removed by t h e applicat ion of de tergents . In t he case of pollen 
grains standing in t h e measuring solut ion for a longer period sed imenta t ion can be 
observed as a resul t of the increasing densi ty of the dehydra t ing cytoplasm. 
I n t r o d u c t i o n 
T h e s i ze , f i r s t o f a l l t h e d i a m e t e r o f p o l l e n g r a i n s i s k n o w n i n m o s t p l a n t 
s p e c i e s ( E R D T M A N 1 9 5 4 , 1 9 6 5 ) . W e e v e n k n o w t h a t t h e d i s t r i b u t i o n o f p o l l e n 
g r a i n s a c c o r d i n g t o d i a m e t e r g i v e s a o n e - p e a k c u r v e i n p l a n t s w i t h m o n o e c i o u s 
a n d a n d r o g y n o u s f l o w e r s a n d a t y p i c a l l y t w o - p e a k c u r v e i n d i o e c i o u s p l a n t s 
( G R E G U S S 1 9 2 7 a , b ) . C o n s e q u e n t l y , p o l l e n g r a i n s o f d i o e c i o u s p l a n t s s h o w n o t 
o n l y a g e n e t i c a l b u t a m o r p h o l o g i c a l ( i . e . m a n i f e s t i n d i m e n s i o n s ) d i m o r p h i s m 
t o o . I t h a s b e e n e s t a b l i s h e d , f u r t h e r , t h a t t h e m a l e s e x is d e t e r m i n e d b y t h e 
l a r g e r w h i l e t h e f e m a l e s e x b y t h e s m a l l e r p o l l e n g r a i n s ( G R E G U S S 1 9 2 9 a , b ) . 
N o l i t e r a r y d a t a a r e , h o w e v e r , a v a i l a b l e — o r e v e n k n o w n — o n t h e d e n s i t y 
a n d m a s s o f p o l l e n g r a i n s i n t h e d i f f e r e n t p l a n t s . 
M a t e r i a l a n d M e t h o d 
T h e liquids used in our investigations were chosen tak ing various requi rements in con-
s iderat ion: 1) they should f reely mingle wi th wa te r , have as high a densi ty as possible compared 
to the w a t e r so as to m a k e the prepara t ion of l iquid mixtures of any density possible; 2) they 
should no t cause any change in the s t ruc ture of the p lasmalemma a t the pores of the pollen 
grains (in th is sense e.g. alcohol cannot be used) ; 3) pollen grains should be ful ly wet ted in the 
liquid m i x t u r e by the use of a detergent. 
T a k i n g the above requi rements in considerat ion the l iquid mix ture was made of water 
and glycerine (p20 °C = 1, 2, .). According to our observations pollen grains do no t readily be-
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c o m e wet in clean wa te r or in a mix ture of water and glycerine. This fact m u s t no t be left un-
no t iced , because as a consequence of insuff ic ient moistening t iny air-bubbles may adhere to 
t h e surface of pollen grains and get be tween the superficial unevenness ( thickening and appo-
s i t ion) of the sexine t he r eby distort ing the results of measur ing to a great ex ten t . Therefore 
t o a t t a i n the necessary degree of mois tening we applied Tr i ton X-10, a non-ionic detergent a t 
a v e r y low concentrat ion. 
For a measuring ins t rument we used Mohr—Westphal scales which m a d e it possible 
t o determine the dens i ty very precisely a n d easily. The glass t ube belonging to the ins t rument 
is a t t he same time a the rmomete r , so t h e tempera ture of t he l iquid mix ture can be read simul-
t aneous ly . 
The method is based on A physical law ( E H D E Y - G R U Z — P R O S Z T 1 9 5 0 ) . According to 
t h e Archimedean principle a solid body f loa t s (is in s ta te of equilibrium) in a f luid when the 
r e s u l t a n t of the forces ac t ing on it is zero, t h a t is, when the l i f t ing power of t he f lu id ( I4 = den-
s i ty of fluid X volume of f luid X gravi ty acceleration) is equal to the weight of t he solid body 
(G s z = mass of solid b o d y X gravity accelerat ion): 
Fy + G s z = 0, or F f = —G s z 
Accordingly we h a d to prepare a m i x t u r e of glycerine and water of a ra t io t h a t enabled 
t h e pollen grains to r e m a i n in a s ta te of f loa ta t ion for a considerable t ime, w i thou t any visible 
sedimenta t ion or separa t ion on the sur face of the measuring f luid. In pract ice th is is carried 
o u t in the following w a y : the two f lu ids are mixed at a more or less adequa te ra t io , the pollen 
g ra in s are placed in t h e mix ture and t h e direction of their movemen t s followed. If a sedimenta-
t i o n is observed the dens i ty of the m i x t u r e is increased by adding glycerine un t i l the f loa ta t ion 
of pollen grains is a t t a i n e d ; in the opposi te case the densi ty of the mixture is decreased by ad-
d ing water . Light t r a n s m i t t e d through the fluid mixture makes it much easier to observe t h e 
f l o a t a t i o n of pollen grains . If in this way the condition of equil ibrium has been created, t ha t is 
t h e pollen grains are f loa t ing in the l iquid mixture , then the densi ty of the l a t t e r can be meas-
u r e d directly with Möhr—Westpha l scales, and the value obta ined is — according to the Archi-
m e d e a n principle — equa l to the va lue of the pollen grain densi ty . The densi ty of the pollen 
g ra ins was determined in the species and varieties: Calystegia sepium (L.) R . Br. , Petunia 
atkinsiana Don., Dahlia pinnata Cav., Verbascum phlomoides L. , Gomphrena globosa L., Cleome 
spinosa L., Salvia splendens Sellow, Cucurbita pepo var . ovifera L., Hibiscus syriacus L., Zea 
mays L. 
The mass of t he pollen grains can be obtained f rom their density mult ipl ied by the i r 
v o l u m e (p = m/V; m = oV). The vo lume of pollen grains can be calculated if their d iameter 
is determined (V = 1/6 л d3) . If gravi ty acceleration in the case of pollen grains (g) is regarded 
as negligible, the va lues of density a n d specific weight can be considered identical (y = m 
g/V = pg, as m/V = o). 
R e s u l t s 
D e n s i t y a n d v o l u m e of p o l l e n g r a i n s . T h e p o l l e n g r a i n s o f d i f f e r e n t p l a n t s 
a r e n o t of t h e s a m e s h a p e . T h e r e a r e i s o d i a m e t r i c a l a n d a n i s o d i a m e t r i c a l p o l l e n 
g r a i n s . I n t h e c a s e o f a n i s o d i a m e t r i c a l p o l l e n g r a i n s t h e t w o d i a m e t e r s a r e n o t 
o f i d e n t i c a l s i ze , t h a t i s , t h e l e n g t h s o f t h e s m a l l a n d l a r g e a x e s a r e d i f f e r e n t . F o r 
p o l l e n g r a i n s of t h i s t y p e t h e a v e r a g e o f t h e t w o d i a m e t e r s w a s t a k e n i n t o a c -
c o u n t i n o u r c a l c u l a t i o n s . T h e s e p o l l e n g r a i n s w e r e c o r r e c t e d i n t o s p h e r e s a n d 
t h e i r v o l u m e t h u s c o m p u t e d . 
T h e d e n s i t y o f t h e p o l l e n g r a i n s s t u d i e d b y u s r a n g e d b e t w e e n 1 . 1 1 0 
g / c m 3 a n d 1 . 2 4 8 g / c m 3 d e p e n d i n g o n t h e s p e c i e s ( T a b l e 1) . A t t h e s a m e t i m e a i r 
d e n s i t y v a r i e d f r o m 0 . 0 0 1 1 7 3 t o 0 . 0 0 1 1 9 7 g / c m 3 . T h e d i a m e t e r s of t h e p o l l e n 
g r a i n s r a n g e d b e t w e e n 2 6 . 0 4 a n d 1 6 0 . 0 4 m i l l i m i c r o n , a n d t h e i r v o l u m e w a s , 
a c c o r d i n g l y , b e t w e e n 9 . 2 2 х Ю ~ 9 c m 3 a n d 2 1 4 5 . 2 8 х Ю ~ 9 c m 3 . T h e m a s s of t h e 
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Table 1 






Air densi ty 
a t the 
t empera-
tu re of t he 
mix ture 
g/cm3 
Pollen gra in 
P lan t epecies s tudied 
Dens i ty 
of pollen 
gra ins 




X 10-» cm 3 
mass 
X 1 0 - ' ( g ) 
Calystegia sepium (L.) R . Br. 28 1.110 0.001173 91.08 394.70 438.12 
Petunia atkinsiana Don. 28 1.118 0.001173 33.48 19.53 21.83 
Dahlia pinnata Cav. 27 1.128 0.001177 38.64 30.13 33.99 
Verbascum phlomoides L. 26 1.137 0.001181 29.58 13.58 15.44 
Gomphrena globosa L. 27 1.149 0.001177 36.06 24.43 28.07 
Cleome spinosa L. 25 1.151 0.001185 26.04 9.22 10.61 
Salvia splendens Sellow. 25 1.153 0.001185 64.26 138.61 159.72 
Cucurbita pepo var. ovifera L. 25 1.168 0.001185 159.72 2137.32 2496.39 
Hibiscus syriacus L. 22 1.232 0.001197 160.04 2145.28 2642.97 
Zea mays L. 27 1.248 0.001177 84.78 319.40 398.61 
pol len grains var ied f r o m 10.61 X l 0 ~ 9 g t o 2642.97 X l 0 ~ 9 g. Thus t h e mass of 
a pol len grain is p r i m a r i l y de te rmined h y its d i a m e t e r . Namely , t h e order of 
pol len grains d e t e r m i n e d by the d i a m e t e r cor responds to the vo lumet r i ca l order 
a n d is not affected h y t h e densi ty. T h e dens i ty of t h e pollen grains in t h e s tudied 
p l a n t species is s ign i f ican t ly higher t h a n air dens i ty a t a given t e m p e r a t u r e . 
The behav iour of sterile and fer t i le pollen gra ins . A m o n g the pol len grains 
t h e r e are sterile a n d fert i le ones a t a ra t io depend ing on the species. When 
de te rmin ing the d e n s i t y of pollen gra ins t h e fer t i le pollen grains were a lways 
t a k e n as a basis. N a m e l y , the sterile pollen grains a re always f o u n d on the 
su r face of the m e a s u r i n g solution, since the i r dens i ty is considerably lower t h a n 
t h a t of the fert i le ones . The s u p e r n a t a n t (pollen gra ins on the su r f ace of the 
measu r ing solution) does not hinder t h e process of measur ing , and c a n easily 
be removed . 
Temporal changes in the dens i ty of pollen gra ins . The dens i ty of pollen 
g ra in s was d e t e r m i n e d immedia te ly a f t e r t h e y had been collected. I t was 
Table 2 
Temporal changes in the density of pollen grains 
Species 
Densi ty of pollen grain Changes in dens i ty 
when collected a f t e r 6 h o u r s a f te r 18 h o u r s af ter 6 hours a f t e r 18 hours 
Verbascum 
phlomoides L. 1.137 1.150 1.162 0.013 0.012 
Dahlia pinnata Cav. 1.128 1.160 1.167 0.032 0.007 
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a problem w h e t h e r t h e value of dens i ty would change if t he pollen grains were 
l e f t in the m e a s u r i n g solution fo r d i f fe rent per iods of t ime. Changes in t h e den-
s i ty of pollen g ra in s kep t for d i f f e r en t t imes in t h e measur ing solut ion are shown 
in Tab le 2. T h e dens i ty of t h e pollen grains f r o m t h e two species examined 
increased para l le l w i th the t i m e t h e y were k e p t in the measur ing solut ion. 
T h e r a t e of inc rease in the dens i ty value was h ighe r in the f i r s t six hours t h a n 
in t h e subsequent 18 hours in b o t h species. T h e differences in t h e increase of 
d e n s i t y between t h e dates of measu r ing thus decrease with the pass ing of t ime 
T h i s means t h a t t h e increase in t h e va lue of pollen grain densi ty shows a decreas-
ing tendency w i t h advancing t i m e . 
Discussion 
The d e t e r m i n a t i o n of t h e dens i ty and m a s s of pollen gra ins makes it 
possible to acqu i re a more exact knowledge of t h e methods of pol l ina t ion . T h e 
m a s s of the pol len grain is de t e rmined f i rs t of all b y its d i ame te r , so t h e y in-
c rease their m a s s main ly by enlargening t he i r vo lume, and only to a lesser 
deg ree by a g r e a t e r densi ty. This s t a t e m e n t is conf i rmed by t h e f a c t t h a t while 
t h e diameters of pol len grains s tud ied by us r anged between 26.04 and 160.04 
mill imicrons, t h e i r densi ty only be tween 1.110 and 1.248 g/cm 3 . T h e described 
m e t h o d of d e t e r m i n a t i o n does n o t damage t h e p lasmalemma coming in to 
close contact w i t h t h e measur ing solut ion t h r o u g h t h e pores of t h e pollen grains , 
as i t was not f o u n d to be d is in tegra t ing . Whi le t h e pollen grains are s t a n d i n g 
in t h e measuring solut ion, a ma te r i a l t r anspor t t a k e s place t h r o u g h t h e p lasma-
l e m m a at the pores b y an act ive or passive d i f fus ion . Namely t h e pollen gra ins , 
wh i l e s tanding in t h e measuring solut ion, increase in densi ty which means t h a t 
m a t t e r s conta ined in the pollen grains become concen t ra ted , a n d th is occurs 
o n l y if the pollen gra in loses w a t e r . The loss of w a t e r — plasmolysis — of t h e 
p r o t o p l a s m a invo lves a reduc t ion of volume. T h e pollen grain itself c anno t 
s h r i n k , since it is p ro tec t ed b y a non-shr ink exine res is tant to acids and alkal i . 
T h u s the actual v o l u m e of the pol len grain c a n n o t be reduced. Howeve r , in t h e 
po res , by the c y t o p l a s m t rabecu lae in te rweaving t h e intine t h e p l a s m a l e m m a 
is in direct c o n t a c t wi th the measu r ing solut ion, and plasmolysis m a y t h u s 
o c c u r here. The p l a s m a l e m m a coming into c o n t a c t wi th the measu r ing solut ion 
p lasmolyses a t t h e pores and gets separa ted f r o m the inner su r face of t h e 
i n t i n e by which t h e actual v o l u m e of the cy top l a sm decreases. T h e place of 
t h e cont rac t ing cy top l a sm is occupied th rough t h e exine la t t ice of t h e pores 
b y measur ing so lu t ion , and t h r o u g h the p l a s m a l e m m a by w a t e r evacua t ing 
t h e cytoplasm. T h u s t h e volume of cy toplasm losing water will decrease while 
i t s concen t ra t ion — and thereby i t s densi ty too — increase. W i t h i n t h e pollen 
g r a in the measur ing solution en t e r ing the space le f t b lank b y t h e con t r ac t ing 
Acta Agronomica Academiae Scientiarum Hungaricae 22, 1973 
D E N S I T Y A N D MASS OF P O L L E N G R A I N S 347 
c y t o p l a s m w i l l b e d i l u t e d o w i n g t o t h e w a t e r l e a v i n g t h e c y t o p l a s m . I f t h e j o i n t 
d e n s i t y of t h e c o n c e n t r a t i n g c y t o p l a s m o f t h e p o l l e n g r a i n , t h e m e a s u r i n g s o l u -
t i o n e n t e r i n g t h e p o l l e n g r a i n a n d t h e w a t e r l e a v i n g t h e c y t o p l a s m i s h i g h e r 
t h a n t h e d e n s i t y o f t h e m e a s u r i n g s o l u t i o n , s e d i m e n t a t i o n b e g i n s . T h i s , h o w -
e v e r , o n l y o c c u r s a f t e r s t a n d i n g f o r a c o n s i d e r a b l e t i m e . S i n c e t h e d e t e r m i n a -
t i o n o f f l o a t a t i o n r e q u i r e s a v e r y s h o r t t i m e ( 5 — 1 0 m i n u t e s ) , w h i l e s e d i m e n t a -
t i o n b e g i n s o n l y a f t e r s e v e r a l h o u r s , t h i s m e t h o d o f d e t e r m i n a t i o n g i v e s t h e 
r e a l d e n s i t y of t h e c o l l e c t e d p o l l e n g r a i n s . 
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SOME CYTOLOGICAL AND MORPHOLOGICAL PROPER-
TIES OF OCTOPLOID SAINFOIN (ONOBRYCHIS VICII-
FOLIA SCOP.) INDUCED BY COLCHICINE 
B y 
I . B Ó C S A , R . K I S K É R I , S . H É J J Á 
R E S E A R C H I N S T I T U T E OF P L A N T G R O W I N G AND SOIL C O N S E R V A T I O N , K O M P O L T 
By treat ing t h e autote t raploid sainfoin varieties Mát ra and Kompol t i (2n = 
= 4 X = 28) with colchicine we ob ta ined octoploid sainfoin plants (2n = 8 X = 56). 
W e s tudied the m a j o r cytological and morphological propert ies of the two d i f fe ren t ploidy 
levels. The percentage of octoploid p l a n t s in the C, -— Cs generations was relatively 
c o n s t a n t (86—95%), a t the same t ime numerous aneuploid forms were also found , the 
f r e q u e n c y of which — though vary ing in the individual generat ions — was relatively 
h igh . The extent of re-regulation to t h e tetraploid level as well as the percentage of 
hexaplo ids were negligible. As to t he cytological characterist ics examined — the cell 
a n d s toma size, the chloroplasts found i n the guard cells of s tomata l pores, t h e pollen 
size — the octoploid p lan ts were superior to the tetraploid forms. The octoploid forms 
s tud ied surpass the te t raploid p lants in t he morphological properties of t he leaf- and 
f lower pa r t s too; so t h e cotyledons and t h e f i r s t simple and compound leaflets are larger, 
t h e leaf- and leaflet weight greater, t h e surface of the leaflet larger and the petiole thicker. 
T h e measurements of the flower pa r t s ( s tandard , keel, wings and staminal co lumn) in 
t h e octoploid sainfoin exceed those of t he tetraploid forms, too. There is a sh i f t in the 
phenophases , namely the growth and development of the octoploid forms are pro t rac ted . 
Introduction 
A l t h o u g h the c u l t u r e variet ies of cu l t iva ted sa infoin (Onobrychis vicii-
folia Scop. , Onobrychis sativa Lam.) in t he i r relat ively na r row zone of cul t iva-
tion genera l ly meet t h e r equ i rements expec ted of t h e m , it is a wel l -known fac t 
t ha t t h e s t a lks soon b e c o m e lignified, a re inclined to lodging, and t h e r a t io of 
leaf t o s t a l k is un favourab l e . The ava i l ab le ecotypes a n d cul ture var ie t i es do 
not r e p r e s e n t a higher genet ic va r i ab i l i ty in this respect e i ther , so t h e possibil-
i ty of se lec t ion is l imi ted . 
To increase the va r i ab i l i t y of t h e in i t ia l mater ia l t h e me thod of polyploid 
breeding was chosen, in spi te of t h e f a c t t h a t the au to t e t r ap lo id c h a r a c t e r of 
the va r i e t i e s belonging to the same morphological g roup as t h e Onobrychis 
viciifolia h a d been k n o w n for near ly f o r t y years . T h u s according to D A R L I N G -
TON—WYLIE (1955) R o m a n e n k o in 1939 a n d M a n d e in 1939 desc r ibed a ch ro -
mosome n u m b e r of 2n = 4x = 28 for Onobrychis viciifolia. Similar d a t a were 
publ ished b y T I S C H L E R (1950) and B A D O U X (1964). (The l a t t e r also l i s ted the 
diploid species.) Under such condit ions t h e aim was to p roduce octoploid forms, 
the 2n = 8x = 56 ch romosome n u m b e r of which m a y appea r to be beyond 
o p t i m u m . T o our knowledge such f o r m s have not been developed so f a r . 
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The p r e s e n t paper descr ibes some of t h e cytological a n d morphological 
proper t ies of t h e s e octoploid f o r m s . 
Material and Method 
The s ta te regis tered variet ies Kompol t i and M á t r a and their polycross progenies were 
u s e d in the colchicine t reatments . 
The t r e a t m e n t was applied t o 200 plants of each var ie ty . During the period of the t r ea t -
m e n t the germinated seeds were k e p t in a glasshouse of 18—20 °C, pro tec ted against sunshine. 
T h e first t r ea tmen t was performed b y dropping a 1 per cent colchicine solution between the two 
cotyledons. After t w o days the t r e a t m e n t was continued with a 0.1 per cent colchicine solution, 
a n d each subsequent t rea tment was followed by a one or two days in terva l . The period of t h e 
t r e a tmen t lasted 30 days including t h e intervals. On t h e basis of the cytological examinat ion 
32 of the 304 (C0) p l an t s raised p r o v e d to be octoploid. 
In the p r o g e n y of the octoploid plants the ploidy level was determined by various m e t h -
ods : the chromosomes were coun t ed , pollen measurements taken and the number of chloro-
p las t s in the guard cells of the s t o m a t a l pores determined. In the root t ip and leaf p r imord ium 
t h e chromosome n u m b e r was de t e rmined by the well-known cold shock me thod . Chromosome 
examinations in t h e C j — C5 genera t ions were carried o u t , p l an t by p lan t , in t he seed of mo the r 
p l a n t s varying in n u m b e r from y e a r t o year. The n u m b e r of chloroplasts in the s tomata were 
determined by t h e me thod of B U T T E R F A S S (1960). As i t is known there is a positive correlation 
between the ploidy level and the n u m b e r of chloroplasts in t he guard cells of t he s tomata , which 
c a n he successfully used to separate t h e tetraploid sainfoin plants f rom the octoploid ones. W e 
s tudied, fur ther , t h e number per m m 2 and size of s t o m a t a . The examinat ions were made on 
epidermis layers s t a i n e d with a 1 p e r c e n t silver n i t ra te solution. The pollen measurements were 
t a k e n in p repara t ions stained wi th carmine acetic acid. According to our previous invest iga-
t i ons there is a considerable di f ference between the te t rap lo id and octoploid plants as to t h e 
meristemic tissue cells of the root t i p , so the latter m a y provide a basis for the determinat ion 
of the ploidy levels. The number p e r m m 2 and size of cells were therefore determined in th i s 
p a r t of the growing t ip . The examina t ions were pe r fo rmed in friction prepara t ions made f r o m 
t h e root tips of t h e germinated seeds and stained with carmine acetic acid. Microscopic investi-
ga t ions were m a d e b y means of a N f p k 2 research microscope equipped with a phase con t ras t 
f i t t i n g and phase objectives, w i th 400 X magnif icat ion. 
In the t e t r ap lo id Mátra v a r i e t y (control) and in t he C3 and C5 generat ions 12 morpholog-
ical characters were studied. Inves t iga t ions were m a d e par t ly in the f ield, par t ly with p lan t s 
of the same age a n d development, ra i sed in culture po ts . The plants were examined for the fol-
lowing characteris t ics: 
Leaf examinations 
leaf weight 
weight of a pair of leaflets 
leaf le t surface 
length/width r a t io of leaflets 
member of leaf le ts per leaf 
Examination of flower part 
surface of s tandard 
surface of wings 
surface of keel 
length of s taminal column 
length /width ratio of s t andard 
length /width ratio of keel 
length of f loral axis 
Results 
Microscope studies. T h e m a j o r data of t h e two ploidy levels are p resen ted 
in Table 1. 
The s o m a t i c chromosome complement of t h e octoploid sainfoin is shown 
in Fig. 1. Bes ides t h e euploid f o r m s numerous aneuploid (hypoploid) forms were 
f o u n d . Of t h e m t h e form wi th 4 9 chromosomes was the most f r e q u e n t , b u t p l a n t s 
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Table 1 
Some data of tetraploid and octoploid sainfoin plants as determined by microscope 
Characterist ics examined 
Ploidy level Percentage propor t ion 
4n 8n 4n = 100% 8n 
Number of s tomata per mm 2 108 58 100 53 
Length/width ratio of s tomata 
(micron) 22 : 17 30 : 20 100 136 : 117 
Number of chloroplasts in the sto-
matal guard cells 14 27 100 192 
Cell number per mm2 1147 804 100 70 
Length/width ratio of cells 25 : 17 37 : 22 100 148 : 129 
Fig. 1. Somatic chromosome complement in octoploid sainfoin. Magnified: 9 0 x o b j ; 
6,3 : 1 p ro j 
with 52 a n d 54 chromosomes occurred as well. No hyperp lo id p lan ts h a v e been 
found so f a r ; though hyperp lo id cells occurred in mixoploid p lan t s . P l a n t s con-
ta in ing cells with d i f fe ren t number s of chromosomes are s u m m e d up u n d e r t h e 
n a m e : mixoploid . 
T h e d is t r ibut ion of t h e ploidy levels in t h e Cj—C5 genera t ions is seen in 
Table 2. T h e table shows t h a t t h e per cen tage of octoploid p lan t s is re la t ive ly 
cons t an t ranging be tween 86 and 95 per cent . Re- regula t ion to the t e t r ap lo id 
level p rac t ica l ly does n o t occur, and even t h e percentage of sexaploid p l a n t s is 
negligible. The percen tage of hypoplo id p lan t s , on t h e o t h e r hand , c o n s t a n t l y 
increased f r o m the Cx genera t ion onwards . Since their role — t h e consequence 
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T a b l e 2 














c , 9 0 . 2 8 3 . 9 5 0 . 0 9 5 . 4 2 0 . 2 6 2 2 5 3 
C 2 9 2 . 0 0 0 . 7 0 — 6 . 7 7 0 . 5 3 2 8 3 6 
C a 8 8 . 3 7 0 . 5 7 — 9 . 5 8 1 . 4 8 2 0 8 9 
C 4 8 6 . 5 3 0 . 1 7 — 9 . 6 9 3 . 6 1 4 5 7 3 
C 5 9 5 . 0 0 — — 4 . 6 5 0 . 3 5 3 6 4 0 
of their presence in the p o p u l a t i o n and pa r t i c ipa t ion in t h e process of f lower ing 
— is unknown, all p lants s h o w n by t h e cytological e x a m i n a t i o n to con ta in 
t w o or more aneuplo id cells w e r e discarded in t h e C4 genera t ion . I t was sup-
posedly the r e su l t of this t h a t t h e propor t ion of aneuploid p l a n t s fell by some 50 
p e r cent in t h e C5 generat ion. A f l uc tua t ion in the f r e q u e n c y of aneuploids in 
t h e different y o u n g C-genera t ions was also repor ted b y A H L O O W A L I A ( 1 9 7 1 ) 
in rye-grass a n d b y J A R M O L Y U K ( 1 9 7 1 ) in sugar -bee t . This is w h y the fert i l iza-
t ion-biological a n d cytogenet ica l role p layed b y the aneuplo ids in t h e popula-
t i o n should b e m o r e t h o r o u g h l y invest igated in t h e f u t u r e . 
As to t h e o t h e r cytological propert ies , in the octoploid cockshead t h e cell 
measu remen t s in the mer i s t emic tissue of t h e root t i p a re larger and t h e 
n u m b e r of cells pe r mm 2 lower . I t s s tomata l measu remen t s a re also larger , a n d 
t h e number of chloroplasts i n t h e guard cells of the s t o m a is 90—100 per cen t 
h igher . I ts pol len m e a s u r e m e n t s exceed those of the t e t r ap lo id p lants consider-
ab ly , too, as in t h e la t ter t h e length of t h e pollen is 40 microns , its w id th 22.5 
microns c o m p a r e d to the 55.3 micron long a n d 29.4 mic ron wide pollen of t h e 
octoploid. T h e pollen m e a s u r e m e n t s found b y us in t e t r a p l o i d p lants are per-
f ec t ly identical w i th the r e su l t s of G Ö R G É N Y I ( 1 9 5 5 ) . 
Morphological studies. T h e ma jo r morphological d a t a of the two p lo idy 
levels ïu-e shown in Table 3. 
The oc toplo id sainfoin produced b y t h e redoubl ing of the n u m b e r of 
chromosomes h a s thicker a n d larger coty ledons . The f i r s t s imple and t h e f i r s t 
compound fo l ia r leaflets a p p e a r i n g almost a t t h e same t i m e in t h e two d i f ferent 
p lo idy level p l a n t s are also l a rge r . There is, however , a sh i f t in the pl ienophases; 
g rowth and deve lopmen t a re slower in t h e octoploid fo rm. Leaves of t h e fu l ly 
developed oc toplo id sainfoin a r e of a darker green colour, a n d the leaf measure-
m e n t s exceed t h o s e of the t e t r a p l o i d fo rm. T h e weight of t h e leaf and leaf le t 
as well as t h e sur face of t h e leaf le t are larger , t h e leaf let b lade is th icker and 
t h e petiole s t ronge r . The m e a s u r e m e n t s of t h e f lower p a r t s are also larger in 
t h e octoploid f o r m . The f lo ra l axis is longer, t h e s t a n d a r d , wings and t h e sur-
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Table 3 
Trends of some morphological properties in tetraploid and ocloploid sainfoin plants 
Properties s tud ied 
Ploidy level Percentage proportions 
of 8n p lan t s 
4n 8n 4n = 100 
Leaf weight , g 1.0963 1.4068 128.32 
Weight of a pair of leaf lets , g 0.0883 0.1164 131.82 
Leaflet surface, mm2 208.03 222.85 107.12 
Length/width ratio of leaflets , mm 31.93 : 8,84 25.70 : 12,73 80.48 : 144,00 
Number of leaflets per leaf 19.23 19.62 102.02 
S tandard surface, mm2 85.34 103.32 121.06 
Length/width ratio of s t andard 11.54 : 8.17 11.78 : 10.32 102.08 : 126.31 
Wing surface, mm2 5.36 : 5.36 6 : 6 111.94 : 111.94 
Keel surface, mm2 79.46 92.66 116.61 
Length /width of keel, m m 11.07 : 9.69 11.68 : 11.17 105.51 : 115.27 
Length of staminal column, mm 10.52 11.50 109.31 
Length of floral axis, m m 93.00 100.00 107.52 
Fig. 2. On the left a te t raploid , on the r igh t an octoploid sainfoin s tomatal guard cell and the 
chloroplasts in them. Magnified: 9 0 x o b j ; 6,3 : 1 proj 
f a c e o f t h e k e e l a r e l a r g e r , a n d t h e s t a m i n a l c o l u m n is l o n g e r t o o . T h e d i f f e r e n c e 
i n t h e t i m e of f l o w e r i n g is a b o u t s i x o r s e v e n d a y s , t h a t i s , t h e o c t o p l o i d p l a n t s 
b e g i n f l o w e r i n g s i x o r s e v e n d a y s l a t e r t h a n t h e t e t r a p l o i d s . 
F e r t i l i z a t i o n - b i o l o g i c a l a n d f e r t i l i t y c o n d i t i o n s of o c t o p l o i d p l a n t s a s 
w e l l a s t h e i r f o d d e r p r o d u c t i o n d a t a w i l l b e p r e s e n t e d i n a s e p a r a t e p a p e r . 
2* Acta Agronomica Academiae Scientiarum Hungaricae 22, 1973 
3 5 4 I . BÓCSA et al. 
References 
A H L O O W A L I A , В . S . ( 1 9 7 1 ) : Frequency, origin and survival of aneuploids in te t raploid ryegrass. 
Genetica, 42, 129 — 138. 
B A D O U X , S. (1964): E t u d e des caractères morphologiques, physiologiques et agronomiques de 
populations d 'esparce t te (Onobrychis sp.) Benteli AG-Bern. 
BUTTERFASS, T. (1960): Ploidie und Chloroplastenzahlen. Ber. Dtsch. Bot . Ges., 72, 440 — 
451. 
D A R L I N G T O N , С. D . — W Y L I E , A. P. (1955): Chromosome a t las of flowering plants . London, 
G. Allen and Unwin . 
G Ö R G É N Y I , I. ( 1 9 5 5 ) : A baltacim (Cockshead). In : J Á V O R R A , S . — M Á N D Y , G Y . — V I Z E R , J . :  
Magyarország ku l tú r f ló rá ja (Cul t ivated plants in Hungary ) . Akadémiai Kiadó, Buda-
pest, 1 9 - 2 8 . 
J A R M O L J U K , I. G. — Ярмолюк, И. Г. (1971): Анеуплоидия у сахарной свеклы. Вопр. ген. 
и сел. витол. сах. свеклы. Киев, ВНИИСС, 120—127. 
T I S C H L E R , G. (1950): Die Chromosomenzahlen der Gefässpflanzen Mitteleuropas. Dr. W. 
Junk , S. Gravenhage . 
Acta Agronomica Academiae Scientiarum Hungaricae 22, 1973 
Acta Agronomica Academiae Scientiarum Hungaricae, Tomus 22 (3 — 4), pp. 355 — 444 (1973) 
PHYTOMASS STUDIES OF SALT PASTURES (ACHILLEO-
FESTUCETUM PSEUDOYINAE) II 
By 
I . M Á T H É , I . PRÉCSÉNYI 
R E S E A R C H INSTITUTE O F B O T A N Y OF T H E H U N G A R I A N ACADEMY O F SCIENCES 
V Á C R Á T Ó T 
Quan t i t a t ive phy tomass studies were carr ied out between 1969 and 1971 on a sal t 
pasture (Achilleo-Festucetum pseudovinae; Ujszentmargi ta , I B P experimental a rea) 
and on a n area excluded f r o m grazing. The weight of aboveground par t s was de te rmined 
from cu t samples, while t h a t of underground p a r t s from monol i th samples a f te r d ry ing 
at 105 °C. T h e authors deal wi th the re la t ionships between w e a t h e r conditions a n d pro-
duction, phenophases and product iv i ty ; also t h e quant i ty of p roduc t ion and the n u m b e r 
of seeds coun ted in the soil. The product ivi ty , turnover t ime a n d ra te of product ion of 
aboveground and underground parts as well as of Festuca pseudovina are discussed. 
I n t r o d u c t i o n 
I n f o r m a t i o n a b o u t t h e p h y t o m a s s p r o d u c t i o n s t u d y o f a p a s t u r e s i t u a t e d 
n e x t t o t h e e x p e r i m e n t a l a r e a o f o u r p r i m a r y p r o d u c t i o n s t u d i e s c a r r i e d o u t i n 
t h e f r a m e w o r k o f t h e I B P h a s a l r e a d y b e e n g i v e n in t w o p u b l i c a t i o n s ( M Á T H É  
et al. 1 9 6 7 , M Á T H É — P R É C S É N Y I 1970) . T h e p r e s e n t p a p e r c o n t a i n s t h e r e s u l t s 
o f f u r t h e r t h r e e y e a r s ( 1 9 6 9 — 7 1 ) of o u r c o n t i n u o u s i n v e s t i g a t i o n s . 
M a t e r i a l a n d M e t h o d 
To assess t h e weight of t h e aboveground phy tomass , samples were cut f rom 20 X 10 
c m 2 areas, f r o m t h e pasture in e igh t , and from t h e area excluded f r o m grazing in four j repl ica-
t ions (in 1968 a p a r t of the pas tu re was fenced off as a meteorological s ta t ion was being bui l t 
t he re by the Meteorological I n s t i t u t e of the Kossu th La jos Universi ty, Debrecen; on t h a t area 
no grazing has t a k e n place since t h e n , and subsequent ly it will be referred to as " u n g r a z e d 
area") . 
From t h e pasture , samples were taken only in spring, summer and au tumn, while on 
the ungrazed a rea every month f r o m April to Oc tobe r ; the dates of sampl ing are presented in 
Tables 2 and 3. 
The we igh t s of the underg round parts were determined a f te r h a v i n g been washed ou t 
of a monolith. T h e monoliths were only taken in t h e pas ture , to a d e p t h of 10 cm, in e ight rep-
lications, f r om t h e same place a n d a t the same t i m e as the samples. 
Weight d a t a refer to mate r ia l s dried out a t 105 °C. 
R e s u l t s 
Meteorological and phenological conditions. W e a t h e r w a s h i g h l y v a r i e d 
i n t h e p e r i o d e x a m i n e d . T a b l e 1 s h o w s s o m e o f t h e d a t a o b t a i n e d o n t h e a r e a 
f o r t h e g r o w t h s e a s o n s o f t h e t h r e e e x p e r i m e n t a l y e a r s , a n d p l a c e d a t o u r d i s -
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Table 1 
Meteorological data 
Mean tempera ture °C Precipitation m m 
1969 1970 1971 1969 1970 1971 
April 10.0 10.7 11.6 37 70 16 
May 18.6 14.3 18.6 4 92 68 
June 18.7 19.1 18.8 38 99 77 
Ju ly 21.3 20.4 21.0 42 93 33 
August 19.7 19.8 22.0 58 161 42 
September 16.1 (15,0) 14.1 7 (15) 45 
October 10.5 8.7 8.5 12 5 19 
posai b y t h e Meteorological I n s t i t u t e of t h e Kossu th L a j o s Univers i ty w h i c h 
took p a r t a n d co-opera ted in inves t iga t ing t h e area unde r t h e leadership of t h e 
la te Prof . D . Berény i . 
In 1969 t h e low a m o u n t of p r ec ip i t a t i on t h r o u g h o u t t h e whole v e g e t a -
t ive period is especially conspicuous. P r ec ip i t a t i on was also poor in c o m p a r i -
son wi th t h e m a n y years ave rage ; at U j s z e n t m a r g i t a f r o m Apr i l to O c t o b e r i t 
was only 198 m m . May was w a r m e r and sunn ie r , J u n e cooler and cloudier t h a n 
t h e average . T h e a m o u n t of r ad ia t ion and t h e number of sunshine hours w e r e 
high. 
In 1970 t h e a m o u n t of p rec ip i t a t ion w a s r e m a r k a b l y high compared to 
t h e previous y e a r : f r o m Apri l to October 533 m m . Due t o t h e cloudy w e a t h e r 
the n u m b e r of sunshine hours was low, t h e r e was a general lack of sunshine a n d 
rad ia t ion d u r i n g t h e growing season. 
In 1971 t h e a m o u n t of prec ip i ta t ion d u r i n g the v e g e t a t i v e period -— 300 
m m -— was considered f a v o u r a b l e (unlike t h e na t ional ave rage ) ; and so w e r e 
t h e n u m b e r of sunshine hou r s and r ad ia t ion . 
According to phenological observa t ions m a d e on 2 0 — 2 5 species, u p t i l l 
a u t u m n , t h e ind iv idua l phenophases in 1969 set in 1—2 w e e k s earlier t h a n in 
1970. 
Quantity of production. Table 2 p r e sen t s t h e dry we igh t data of s a m p l e s 
t a k e n f r o m t h e Achilleo-Festucetum pseudovinae associat ion of the u n g r a z e d 
area. Of t h e p l a n t species included only Festuca pseudovina — t h e m a i n 
p lan t — and Achillea collina were weighed. The c r y p t o g a m o u s p lan ts w e r e 
also hand led toge the r u n d e r t h e name " m o s s " ; this p h y t o m a s s was m o s t l y 
composed of a few moss species as e.g. Ceratodon purpureus, Polytrichum pili-
ferum, Camptothecium lutescens etc. , t h o u g h some lichens (Cladonia sp.) a lso 
occurred in i t , a n d somet imes Psalliota campestris too was f o u n d in the s amples . 
The d a t a of Table 3 or ig inate f rom t h e same associa t ion, but f r o m t h e 
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at Űjszentmargita 
Radia t ion gcal/cm1 Sunshine hours Relative h u m i d i t y % 
1969 1970 1971 1969 1970 1971 1969 1970 1971 
10 199 9 824 9.939 219 203 214 73 73 69 
14 365 12 133 13 622 296 175 283 63 73 69 
11 357 12 922 13 170 191 238 238 74 75 69 
14 620 12 998 14 389 284 284 277 63 75 68 
10 828 11 695 12 454 712 255 292 70 76 67 
9 397 (9 000) 7 797 238 (185) 163 74 81 
6 443 5 206 7 812 199 128 155 77 77 78 
pas ture . Species other t h a n Festuca pseudovina were s u m m e d up as " o t h e r 
p l an t s " . As a consequence of grazing a n d t rampl ing Achillea collina w a s of 
min imum weigh t ; it was t h u s reasonable t o include i t in the o ther species. 
While in t h e spring t h e pa r t i c ipa t ion of mosses is considerable , l a t e r the i r 
weight is ins ignif icant . 
I t is r emarkab le t h a t in the p a s t u r e there are v e r y high p ropor t ions of 
mosses in t h e spring, in c e r t a i n samples t h e y exceed t h e d r y weight of Festuca 
pseudovina. On the u n g r a z e d area the we igh t of mosses is much smal ler . 
A l t h o u g h 1970 was a r a iny year , t h e aboveground spring p h y t o m a s s of 
the p a s t u r e was less t h a n in t h e previous yea r (Table 3). T h e phenomenon was 
not only connected wi th t h e intensi ty of grazing as t h e spr ing yield w a s con-
siderably lower than in t h e previous y e a r on the u n g r a z e d area too (Tab le 2). 
I t was p r o b a b l y an a f t e r - e f f ec t of t h e ex t r eme lack of precipi ta t ion in 1969 
t h a t was still felt in the f i r s t half of t h e vege ta t ive pe r iod . On the o t h e r h a n d , 
by s u m m e r and a u t u m n t h e aboveground p h y t o m a s s product ion on t h e 
ungrazed a rea far exceeded t h a t of t h e previous year . 
T h e signif icant ly lower weight of p h y t o m a s s on b o t h areas c o m p a r e d to 
the p rev ious year ref lects t h e summer d r o u g h t in 1971 (Tables 2 and 3). 
I t is w o r t h men t ion ing as a s t r ik ing phenomenon t h a t on the ung razed 
area t h e e f fec t of d i scon t inued grazing a n d d is turbance caused by m a n is felt 
in the t h i r d and f o u r t h y e a r in t h a t dicotyledons of higher g rowth hab i t 
(Centaurea pannonica, Achillea collina, Plantage lanceolata, Sonchus asper 
etc.) b e c o m e more and m o r e dominan t a n d of the g rasses Agropyron repens 
and Lolium perenne begin t o gain g r o u n d . 
As t o changes in t h e unde rg round phy tomass , d a t a a re only ava i l ab le on 
the top 10 cm soil layer (Table 3). T h e phy tomass was n o t sorted a t al l , t he 
weight con ta ins bo th l iv ing and dead unde rg round p l a n t pa r t s . In t h e succes-
sive yea r s near ly ident ical weights were obta ined. 
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Table 2 
Weight of living aboveground parts on the ungrazed area 
(Mean va lues of 4 replications; g/2 dm !) 
Time of sample Festuca Achillea 
Moss Tota l taking pseudovina collina 
1969 
19 Apri l 5.7 0.3 0.9 6.9 
20 May 5.7 2.0 0.1 7.8 
20 J u n e 3.1 2.5 0.05 5.65 
16 J u l y 4.0 2.5 0.1 6.6 
21 Augus t 5.7 2.3 0.02 8.02 
25 September 5.0 1.7 0.0 6.7 
22 October 3.9 3.1 0.1 7.1 
1970 
16 April 3.0 1.2 0.2 4.4 
16 May 3.8 2.9 0.1 6.8 
11 J u n e 13.1 1.8 0.1 15.0 
16 J u l y 9 .3 2.0 0.1 11.4 
21 Augus t 7.0 2.8 2.1 11.9 
17 September 10.0 4.8 1.5 16.3 
23 October 11.1 4.0 0.4 15.5 
1971 
15 April 6.9 2.4 0.9 10.2 
14 May 8.7 1.0 0.4 10.2 
15 J u n e 6.9 0.0 0.4 7.3 
15 J u l y 6.2 0.6 0.2 7.0 
17 Augus t 4 .1 0.05 1.0 5.25 
16 September 7.6 0.5 1.3 9.4 
10 October 8.6 0.0 0.7 9.3 
Seed contained in the soil. I n 1970 seeds were counted in some soil m o n o -
l i ths , a compar i son of which is given in Tab le 4 . 
A compar i son between t h e number of seeds per 0.1 m 3 (10 cm X l m x l m) 
a n d in a m o n o l i t h taken f r o m a nea rby a rab le l and shows t h a t the number of 
seeds is cons iderab ly higher in t h e soil of t h e a rable . 
Seed c o u n t i n g data of a mono l i th t a k e n f r o m a closed Artemisio-Festuce-
tum association a re available f o r 1970. The lowes t number of seeds were coun ted 
in this soil. 
Productivity. Living aboveground parts. T h e p r o d u c t i v i t y of the l iving 
aboveground p a r t s on the u n g r a z e d area is s h o w n in Table 5 . Overall conclu-
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Table 3 
Weights of living aboveground parts and of underground parts on the grazing 
area (mean values of 8 replications; g/2 dm2 and g/dm3) 
Time of sample 
taking 
Living aboveground pa r t s 
Underground 
par ts Festuca 
pseudorina 
Other p l an t s Tota l 
1969 
19 April 3.2 4.0 7.2 10.5 
20 J u n e 1.8 0.0 1.8 11.5 
25 September 1.4 0.1 1.5 10.7 
1970 
16 April 2.1 0.8 2.9 10.6 
11 J u n e 2.5 1.0 3.5 10.9 
17 September 2.3 0.3 2.6 10.0 
1971 
15 April 2.8 0.2 3.0 14.7 
15 J u n e 1.3 1.5 2.8 12.1 
16 September 1.6 0.1 1.7 6.2 
Table 4 
Number of seeds counted in a soil monolith 
(nuinber/0.1 m3; average of 4 samples) 















Productivity of living aboveground parts on the ungrazed area 
(g/m3/day) 
Months 1969 1970 1971 
April—May 1.5000 4.0000 0 . 0 0 0 0 
May—June —3.3675 15.1850 —4.5310 
June—July 1.8265 —5.1425 —0.5000 
July—August 1.9720 0.5555 —2.6515 
August—September —1.8855 8.2035 6.9165 
September—October 0.7405 —1.1110 —0.1785 
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sicras can h a r d l y be drawn f r o m the Table, s ince, except t h e increase or s t a g n a -
t ion in Apr i l—May, in the d i f f e r e n t years pos i t ive and nega t i ve values occur red 
in high v a r i a t i o n a t the v a r i o u s dates of s a m p l e taking. If in Table 5 only t h e 
April , J u n e a n d September va lues are t a k e n in considera t ion , then , as seen 
in Table 6, b e t w e e n J u n e a n d September p roduc t i v i t y can b e said to be posi-
t ive every y e a r . For the w h o l e period of inves t iga t ion (Apr i l—September) t h e 
following r e s u l t s were o b t a i n e d : 
1969 1970 1971 
—0.0630 +3 .8385 —0.2595 g /m 2 /day 
P r o d u c t i v i t y on t h e p a s t u r e was s t u d i e d on the bas is of samples t a k e n 
th ree t imes a y e a r . In one case a positive, whi le in the o ther cases as well as on a 
year ly ave rage a negat ive p r o d u c t i v i t y was found (Table 6). This was due t o 
grazing. 
Table 6 
Productivity of living aboveground parts and of underground parts 
Aboveground p a r t s 
non-grazed area 
(g/m2/day) 
Monthe 1969 1970 1971 
A p r i l - - June —1.0650 9.2950 —2.3570 
June— -September 0.5650 0.6630 1.1250 
grazed area 
(g/m2/day) 
A p r i l - June —4.2250 0.5250 —0.1600 
June— -September 
—0.1500 —0.4550 —0.5900 
Underground p a r t s 
(g/dm3/day) 
A p r i l - - June +0.0163 +0.0052 —0.0426 
June— -September —0.0082 —0.0091 —0.0634 
Productivity of Festuca pseuiovina. T h e p roduc t iv i ty of Festuca pseudo-
vina can be seen in Table 7 . I n 1970—71 t h e p a t t e r n of p roduc t iv i t y on t h e 
ungrazed a r ea was very s imi l a r to t ha t of Festuca s tud ied in the Artemisio-
Festucetum pseudovinae assoc ia t ion of t h e n a t u r e conservat ion area (Table 7). 
Similarity is under s tood — of course — fo r t h e signs only , n o t for the e x t e n t . 
Changes in the p r o d u c t i v i t y of Festuca in the p a s tu r e only correspond to 
t h e p roduc t i v i t y pa t t e rn of Festuca s tudied in the Artemisietum and on t h e 
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Table 7 
Productivity of Festuca pseudovina 
(g/m' /day) 
Non-grazed area 
M o n t h s 1969 1970 1971 
April-—June —2.0000 9.1800 0 . 0 0 0 0 
J u n e - - S e p t e m b e r 0.9650 —1.5800 0.3750 
Grazed area 
April —June —2.3333 0.7272 —2.5000 
June-- S e p t e m b e r —0.4081 —0.3061 0.3225 
Artemisio- Festucetu m 
April-—June + 2.6250 + 2.4525 +0.5000 
June - - S e p t e m b e r —0.6500 —0.5350 +0.6450 
Table 8 
Correlation coefficients between the productivity of non-grazed area 





a 0.084 0.951 —0.029 




a = changes in the month ly mean tempera ture 
b = changes in tbe month ly amount of precipitation 
с = changes in the month ly amount of global radiation 
x = product ivi ty 
n = 18 
ungrazed area in t h a t f r o m J u n e to Sep tember p r o d u c t i v i t y , here too , is nega-
t ive , excep t the J u n e — S e p t e m b e r per iod of 1971 w h e n p r o d u c t i v i t y was 
pos i t ive in all the t h r e e s tands . 
Relation of productivity to changes in the climatic elements. On the 
basis of t h e correlat ions found be tween t h e p roduc t i v i t y of aboveground par t s 
on t h e ungrazed area a n d changes in cer ta in cl imatic e lements (mon th ly mean 
t e m p e r a t u r e , m o n t h l y prec ip i ta t ion , mon th ly a m o u n t of global r ad ia t ion , 
Table 8) a pa th analys is was made in order to de t e rmine t h e ex ten t a n d direc-
t ion of t h e influence t h e individual c l imat ic e lements exercised on t h e produc-
t i v i t y in 1 9 6 9 — 7 1 ( L E R O Y 1 9 6 0 , P R É C S É N Y I 1 9 7 1 ) . The corre la t ions were 
ca lcu la ted on the basis of Tables 1 a n d 2. According to t h e results no change in 
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t h e studied c l imat ic factors h a d a n y decisive in f luence on t h e var iab i l i ty of pro-
duc t i v i t y (Table 9). This is caused pr imar i ly b y factors o t h e r t h a n those in-
c luded in the s t u d y . The resu l t is, to some e x t e n t , easy to u n d e r s t a n d , as t h e 
s t a n d is in t h e process of a r e c u r r e n t succession, in a s t a t e of reorganizat ion, 
a n d balance h a s n o t yet been re-es tabl ished. 
Underground parts. T h e changes in t h e we igh t of t h e u n d e r g r o u n d p a r t s 
a r e shown in T a b l e 3 on the bas i s of the average of eight repl ica t ions . This Tab le 
se rved as a bas i s fo r assessing t h e p roduc t iv i t y (Table 6). I n t h e f i r s t pa r t of 
t h e period of inves t iga t ion (Apr i l—June) a decreas ing t e n d e n c y was found f r o m 
1969 on. In 1969 p roduc t iv i ty w a s still pos i t ive while in 1971 nega t ive . In t h e 
second par t of t h e period s t u d i e d ( June—Sep tember ) a nega t i ve p roduc t iv i ty 
appea red each y e a r , with an increas ing t e n d e n c y f rom 1969 o n w ard . 
Table 9 
Results of path analysis 
1. p a t h coefficients, 2. percentage share of the different factors 
1. P« Pi P< P. 
Path coefficients 0.300 —0.261 —0.323 0.965 
2. direct 
e f f e c t s 
P» Pi Pe 
indirect other 
p. total 
9 7 10 —19 93 100% 
P„ = path coefficient between changes in the monthly mean temperature and product ivi ty , 
P(, = path coefficient between changes in the monthly amount of precipitat ion and productiv-
i t y -
P c = path coefficient between changes in the monthly amount of global radiat ion and pro-
ductivity, 
P , = path coefficient between other fac tors and product iv i ty 
Turnover time. When assessing the r a t e a n d t ime of m a t e r i a l exchange in 
t h e living aboveg round par t s , s amples t aken t h r e e t imes a y e a r were t aken as 
a bas i s in bo th s t a n d s . On t h e ungrazed area t h e tu rnover t i m e showed higher 
f l uc tua t i ons (4.2 years) t h a n o n t h e pas ture (2.7 years ; Tab le 10). On the un-
g razed area t u r n o v e r is s o m e w h a t slower t h a n on the p a s t u r e (2.5 and 2 .1 
y e a r s , respect ively, on a 1969—71 average). 
The t u r n o v e r t ime in Festuca showed a h igh f l uc tua t ion on t h e ungrazed 
a r e a (Table 10), while on t h e p a s t u r e its f l u c t u a t i o n was m u c h lower (9.6 and 
4 . 5 years, respect ively) . The t u r n o v e r t ime of unde rg round p a r t s is very shor t 
a n d shows b u t a slight f l u c t u a t i o n (Table 10). 
Rate of production. T h e samples t a k e n in April showed in each case a 
lower percentage of the to ta l a n n u a l p roduc t ion on the ungrazed area t han in 
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Table 10 
Turnover time of living aboveground parts, underground parts and Festuca 
pseudovina (year) 
Year 
Living aboveground p a r t e 
Underground 
par t s 
grazed area 
Fes tuca pseudovina 
non-grazed grazed non-grazed grazed 
a r e a a r e a 
1969 5.5 1.3 l . i 2.2 1.7 
1970 1.3 4.0 1.2 1.2 6.2 
1971 3.5 2.3 1.7 10.8 1.8 
Table 11 
Production rate of living aboveground parts and of underground parts 
(cumulative percentage values) 
Y e a r , m o n t h 
Living aboveground pa r t s 
non-grazed | grazed 




1969 Apri l 35.9 68.5 32.1 
J u n e 65.0 85.6 67.2 
September 99.9 99.9 99.9 
1970 Apri l 12.3 32.2 33.6 
J u n e 54.3 71.1 68.2 
September 99.9 99.9 99.9 
1971 Apri l 37.9 40.0 44.5 
J u n e 65.0 77.3 81.1 
September 99.9 99.9 99.8 
Table 12 
Production rate of Festuca pseudovina 
(cumulative percentage values) 
Year, m o n t h Non-grazed 
area 
Crazed area 
1969 April 41.3 50.0 
June 63.7 78.1 
September 99.9 99.9 
1970 April 11.5 30.4 
June 61.6 66.6 
September 99.9 99.9 
1971 April 32.2 49.1 
June 64.4 71.9 
September 99.9 99.9 
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t h e p a s t u r e (Table 11). The s i t u a t i o n was s imilar in J u n e . The high percentage 
f o u n d on the p a s t u r e in spring c a n b e explained w i th the fac t t h a t grazing hard-
ly t a k e s place — if a t all — a t t h a t t ime of t h e yea r . 
There is n o t m u c h d i f fe rence in the p roduc t i on r a t e of Festuca be tween 
t h e t w o areas (Tab le 12). In t h e p a s t u r e in spr ing somewha t h igher percentages 
were f o u n d every y e a r than on t h e ungrazed a r ea . The s i tua t ion was similar 
in J u n e . 
I n the case of unde rg round p a r t s 30—45 pe rcen t of t h e a n n u a l p roduc t ion 
was f o u n d in spr ing . B y summer t h e s t and p roduced 65—80 percen t of t h e to t a l 
a m o u n t weighed t i l l t h e end of S e p t e m b e r (Table 11). 
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TOBACCO V A R I E T Y " K E R T I " 
Taxonomical place: Nicotiana tabacum L. va r . serotina SCHRK. 
Origin: an old local va r i e ty in Hungary 
Beginning of breeding: no t improved 
State qualification: f ree var ie ty licensed for sale 
General characterization: rapid development , low nicotine content , productive, of l ight colour 
when dry, good cigaret te material . 
Morphological description : 
Root system: pene t ra t ing medium deep into the soil wi th plenty of advent i t ious roots. 
Shoot system: cylindrical shape 
Stem: 120—160 cm high, relatively th in , of 20—21 m m diameter a t the hase; an average 
of 28 nodes ; light yellowish green colour, cylindrical shape; hairy. 
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Foliage: the 30—50 cm long and 22—27 cm wide leaves are arranged loosely on the s tem, 
s tand ing slanting u p w a r d s ; the leaf blade is eggshaped, sessile, base slightly 
sur rounding the stem, leaf apex bluntly acumina te . Leaves are of l ight yellowish 
green colour, leaf surface wavy , tissue f ine , veins thin. The n u m b e r of leaves 
may be as many as 26—28, though pract ica l ly there are only 18—22 useful 
leaves. Leaf blade index: 1.38. Nicotine con ten t : 0.6—1.2 per cent ( M Á N D Y  
1952, MÖGER—Szűcs 1966). 
Inflorescence: loose, arched pa tu lous polychasium of an average of 20 cm length, wi th 
4—5 la te ra l s and some 96 flowers. 
Flowers: the funnel- l ike corolla t u b e emerges f rom a swollen calyx tube . The l imbus of 
the corolla is almost pen tagona l and slightly lobed. The colour of the corolla is 
pale p ink wi th a s tar -shaped spot around the f aux . The length of the flowers is 
55—65 m m . 
Fruit: 19—20 m m long capsule wi th a blunt ly rounded t ip, hardly opening when ripe. 
The n u m b e r of ripe capsules may be as m a n y as 90. 
Seed: t iny, b r o w n ; thousand-grain-weight 7.2 cen t ig ram. 
Biological characters : 
Vegetation period: 80—120 days 
Water requirement : among the Hungar i an varieties i t has the highest d rought tolerance 
( K A P Á S et al. 1 9 6 5 ) . 
Resistance to disease: sa t isfactory 
Farm technology requirement: 
Seeding: in t h e second half of March ; planting in May. 
Soil requirement : good condition sand, and sandy loam (MOGER—Szűcs 1966). 
Productivity : h igh yielding; leaf yield: 9—12 q/cad. yoke (1 cad. yoke = 1.422 acres). 
Region of cultivation: I n Hungary Tolna and Nógrád count ies . 
Prepared a t t h e Depa r tmen t of B o t a n y , Universi ty of Agrarian Sciences, Debrecen 
G y . M Á N D Y 
R E F E R E N C E S 
K A P Á S , S. et al. ( 1 9 6 5 ) : Nemesí te t t növényfa j t á ink ( I m p r o v e d plant variet ies in Hungary) . 
Mezőgazdasági Kiadó , Budapes t . 
M Á N D Y , G Y . ( 1 9 5 2 ) : K e r t i dohány. I n M O L N Á R et al.: D o h á n y termesztés és k iképzés (Tobacco 
variety Ker t i . I n M O L N Á R et al.: Tobacco growing and manipulat ion) . Élelmiszeripari 
és Begyűjtési K ö n y v - és Lapk iadó V. Budapes t , 85 — 87. 
M Ó G E R , J . — S Z Ű C S , K . (1966): A dohány és termesztése (Tobacco and its product ion) . Mező-
gazdasági K iadó , Budapest . 
SOME Q U E S T I O N S OF F L O W E R O R G A N I Z A T I O N IN SOUR C H E R R Y 
The axial or fol iar origin of t he perigynous ovary and the surrounding h y p a n t h i u m of 
sour cherry is a much discussed problem even today. We should like to clarify t he organization 
of t h e simple reproduc t ive growing t ip of sour cherry t h u s providing da ta to these questions. 
The flower organiza t ion of sour cherry and of the fami ly Prunoideae was described by 
P A Y E R (1857) who per fo rmed morphological studies f rom the s ta te of flower bud to the ful l 
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Fig. 1. Initial organization of the reproductive growing tip of sour cherry (obj . 10 X 
oc, 8 x ) 
development of the flower. He considered the hypanthium surrounding the perigynous pistil 
to be of toral origin. V A N T I E G H E M ( 1 8 7 1 ) , on the other hand, pointed out that the hypanth ium 
developed by the growing together of the tissues of the calyx, petals and stamina. This opinion 
was confirmed by E A M E S — M A C D A N I E L S ( 1 9 4 7 ) , S C H Ä P P I ( 1 9 5 1 ) , T A K H T A J A N ( 1 9 5 9 ) and E A M E S 
( 1 9 6 1 ) . The development of the hypanth ium was morphologically analysed by T R O L L ( 1 9 5 7 )  
and T A R N A V S C H I — M I T R O I U ( 1 9 5 5 ) who — like Payer — suggested that it originated f rom the 
torus. S T E R L I N G ( 1 9 6 4 , 1 9 6 6 ) studied a number of Prunus species but only dealt with the organ-
ization of the carpel in some detail. The abscission of the hypanthium and style in the cherry 
following flowering was described by L O T T — S I M O N ( 1 9 6 8 ) , the structure of the fully developed 
flower and the course of f ru i t organization by RÁcz—GRACZA ( 1 9 7 2 ) , the lat ter wi th histogenic 
investigations. 
We began to collect the developing buds of sour cherry in the first days of J u n e and re-
peated the collecting every two weeks unt i l autumn. Next spring, from the beginning of bud 
burs t ing we continued collecting material, bu t at three days intervals as here development 
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Fig. 2. The simple reproductive growing tip of sour cherry becomes flattened (obj. 40 X , oc. 
8 X ) 
accelerated considerably. We removed the scales from the collected buds and fixed them in 
Bouin 's fixing solution. Washing was followed by dehydrat ion then inbedding in paraffine. 
Section series made wi th a microtom were stained by Ehrl ich 's haematoxilin. During the 
examinations the characteristic stages of development were recorded by microphotography. 
On the spurs of the sour cherry a single leaf bud develops at the apex and several mixed 
buds below it. The small mixed buds differentiate first a t a primordial stage with a vegetative 
character and so 3—5 supporting leaves appear above the scale primordia. In this vegetative 
phase of the growing t ip the leaf primordia differentiate f rom the third tunic layer as a result 
of the cell division t ak ing place by the insertion of periclinal then anticlinal walls. It is then 
t h a t the bud pr imordium passes over to a reproductive phase. Above the developing small 
support ing leaf pr imordia the growing tip first broadens and somewhat f la t tens (Fig. 1). 
F u r t h e r differentiation — unlike the earlier phases — takes place in the four th tunic layer, 
superposed relative to t he supporting leaf primordia. In this layer periclinal cell division begins 
in 4—5 cell diameters, the produced cells lift the superposed tunic layers and 3—4 small simple 
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Fig, 3. The concave reproductive growing tip of sour cherry with the sepal primordia a t the 
edges (obj. 10X, oc. 2 x ) 
reproductive growing tips appear. The initial organization of the reproductive growing t ips 
begins in the middle of July. 
The small reproductive growing tips at the tissue zone of the corpus considerably increase 
in number by periclinal and anticlinal cell division and develop in a ra the r short time in to a 
14—15 cell-row high and 22—23 cell-row wide hemisphere. 
This occurs a t the basal level of the developing reproductive growing tips, at the abaxia l 
par t . In the second tunic layer periclinal then anticlinal cell division begins which results in t he 
development of a leaf primordia. Somewhat later, lower by a short internode, on the inner side 
tha t is in the adaxial part of the reproductive growing t ip new cell divisions can be observed and 
the torosity of ß bracteole appears. This suggests t h a t with the appearence of the bracteoles 
the differentiation on the small developing reproductive growing tip a t f i r s t can be considered 
vegetative. 
After this the reproductive organization on the reproductive growing tip comes into, 
prominence. This can be observed in the vigorous cell division starting in the upper par t of the 
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convex reproductive growing t ip , slightly periferially, as a result of which the surface of the 
reproductive growing tip rises a t the edges and soon becomes level with the direct apical part . 
Thus in a second phase of development — so to say — the surface of the reproductive growing 
tip becomes f l a t and in a longitudinal section cup-like (Fig. 2). The new cell division activities 
also occur here, a t the edge of the reproductive growing tip, in the second tunic layer, which 
results in the formation of five small protuberances: the primordia of the sepals (Fig. 3). The 
sepal primordia have hardly arisen when the tissue zone of the growing tip below them main-
tains its vigorous increase, namely with an intensive meristemic character toward the centre of 
the growing t ip while in the outer pa r t — at the border of the torus primordium and sepal pri-
mordia — with an intensive cell elongation. Thus t he shape, and a t the same time the surface 
of the reproductive growing t ip changes. The f lat growing tip becomes gradually concave. The 
further development of the sepal primordia only begins then; their edges join and they grow in 
length too. 
Fig, 4. On the inner side of the reproductive growing tip of sour cherry, below the sepal 
primordia the petal primordia appear (obj. 20 X, oc. 8 x ) 
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Fig, 5. Two reproductive growing tips of sour cherry at different stages of development (obj. 
10 X , ос. 8 x ) 
On the concave reproductive growing t ip further differentiation occurs in this develop-
ment phase of the sepal primordia, and is decidedly influenced by the shape of the concave 
growing t ip. Namely, new cell division activities can be observed immediately below the sepal 
primordia, in the side-wall of the concave growing tip, again in the second tunic layer, and five 
small petal primordia develop arranged alternately to the sepal primordia (Fig. 4). For a while 
they grow inwards, then when their edges have joined and grown together begin to grow up-
wards. At an early stage the basal part of the petal primordia is in ra ther close contact with the 
sepal primordia, and in this initial phase petals and sepals grow together. At the same time 
the reproductive growing tip — while widening — becomes still higher at the edges. Its inner 
surface is no longer concave but square, with its vertical sides a t r ight angles to t he horizontal 
lower surface. Differentiation continues to take place in the side-wall part of the reproductive 
growing t ip. Immediately below the petal primordia, in the second tunic layer, as a result of 
cell-division by periclinal then anticlinal walls protuberances of the upper stamina appear. Soon 
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Fig. 6. On the reproductive growing t ip of sour cherry the two staminal circles develop from 
above downwards (obj. 20 X, oe. 8 x ) 
af ter in the same tunic layer, in the side-wall part of the growing tip protuberances of the lower 
s tamina appear as a result of a new act iv i ty of cell division (Figs. 5 and 6). 
In the course of their development t he stamen primordia first grow horizontally inwards, 
and only begin to curve upwards when the anther primordia have appeared and the filaments 
begun to develop. Fi lament primordia soon grow at their basal par t to the joint tissue zone formed 
by the sepal- and pe ta l primordia. In f ac t the tissue of the hypanthium develops by this, 
which is formed by the coalescent tissues of sepals, petals and filaments. The fac t tha t the hypan-
th ium is organized f rom the petals is confi rmed later, at the fully developed stage of the flower, 
by studies on the vascular bundle. The 10 vascular bundles in the torus double when entering 
the hypanthium, and half of the 20 vascular bundles interweave the calyx and the outer 
s tamina while the other 10 the petals and the inner s tamina. 
To return to the final stage of t he differentiation of the reproductive growing tip we 
found t h a t the primordium of the pistil ini t iated from the basal flat surface of the growing t ip , 
the second tunic layer. The developing small carpel primordium shows a more intensive grow-
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Fig. 7. At the basal pa r t of the reproductive growing tip of sour cherry the carpel primordiuin 
appears (obj. 20 x , oc. 8 x ) 
ing along the main vein (Fig. 7), then it not only rises upwards at the edges but also widens in 
a semi-circle forward unt i l the edges have joined and formed the cavity of the pistil (Fig. 8). 
The pistil developing f rom a single carpel is small in volume, so it develops freely in a so called 
perigynous position a t one height with the hypanthium without touching its wall. 
To sum up our investigations into the initial organization of sour cherry flower we may 
underline that as a consequence of the concave shape of the reproductive growing t ip, petal 
primordia differentiate neither on the outer side (as e.g. on a convex growing tip), nor on the 
upper par t , surface (as e.g. on a plate-like growing tip) of the growing tip, but on its inner side, 
and unlike the course of differentiation known so far (on a convex growing tip f rom below 
upwards, on a plate-like growing tip from outside inward) sepal-, petal- and stamen primordia 
develop from above downwards. Petal primordia arising in circles, nodes gradually becoming 
smaller and smaller result in the coalescence of these tissue zones and thereby the development 
of the hypanthium. 
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Fig. 8. Development of pistil cavi ty (obj. 10 X , oc. 8 x ) 
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One of t h e methods of f ru i t - t r ee pruning: c u t - b a c k induces an increased regenerat ion 
wave in the cu t b a c k shoot fo rmat ion a t the expense of productivi ty. Th i s can be avoided b y 
omit t ing prun ing , replacing it by bending the shoot, a n d by developing shoots from t e r m i n a l 
buds (Fig. 1, I I I ) . Fur thermore , t he regeneration w a v e can be controlled and restricted b y 
"sectorial f ru i t - t r ee pruning" . 
Fig. 1. Ef fec t of cu t -back on a s lant ing shoot f o rma t ion . (Schematic rad ia l section.). I. D r y -
ing up of the u p p e r side as caused by cut t ing back to a lower bud (the dr ied u p par t ha tched) . 
I I . Drying up of t h e lower side as caused by cut t ing b a c k to an upper b u d . I I I . Undis turbed 
ma te r i a l t ransport in a shoot developed f rom a terminal bud 
The m e t h o d is based on the ut i l izat ion of sectorial disturbances caused in the m a t e r i a l 
t ranspor t by p r u n i n g the frui t - t ree ( B R U N N E R 1 9 6 5 , 1 9 6 8 , 1 9 7 2 ) . If, however , a slanting shoo t 
is cut back to an u p p e r bud, a one-sided drying up occurs on the low side (Fig. 1, II) , and t h e 
apical dominance restored by the t e rmina l shoot t h u s produced (Fig. 1, I I / l b + II/2 b) on ly 
restrains sprout ing on the upper surface of the cut b a c k shoot formation (Fig. 1, I I / l a), whi le 
on the lower sur face (Fig. 1, II /2 a) this effect is no t fe l t owing to the sectorial d i s tu rbance 
caused by the one-sided drying up in the sectorial ma te r i a l t ransport . Now, we must take i n t o 
consideration t h a t basipetal auxin t ranspor t , inf luenced by gravitat ion, produces an a u x i n 
concentration f avourab le for the deve lopment of buds on the upper surface of the slanting shoo t , 
N E W A S P E C T S IN F R U I T - T R E E P R U N I N G 
("Sector ia l f rui t - t ree p run ing" ) 
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while on the lower surface concentration will be supraoptimal. In this way, on one hand , the 
restraining influence apical dominance exercises on the upper surface (Fig. 1, I I / l a) helps in 
preventing t he development of water-sprouts, while on the other hand , the apical dominance 
shut out f rom the lower surface by the sectorial dis turbance of material transport (Fig. 1, I I /2 a) 
may promote the sprouting of buds on the lower surface, because in this way their hormone 
level, which owing to their position is higher anyway , will not increase further . Thus in the pres-
ent case on the upper side the influence of apical dominance hinders the development of water-
sprouts, while on the lower side this apical dominance shut out by the disturbance of sectorial 
material t r anspor t prevents the shoots from becoming bare. Pruning to an upper bud may , of 
course, result a t the same t ime in the tzrminal shoot deviating from the direction of the slanting 
bough and approaching perpendicular. It is here t h a t "sectorial p run ing" has to be combined 
with bending, t ha t is, tying the terminal shoot down in a slanting position. 
In this context it must be noted that in t he fruit-tree training carried out in t he tradi-
tional way pruning is done j u s t the other way round : shoots are cut back year after year to the 
lower buds in order to continuously ensure the slanting position of the bough. In th is way, 
however, the restraining effect of apical dominance on sprouting is shut out by the one-sided 
drying up on the upper shoot surface (Fig. 1, I / I a), where sprouting capacity is higher anyway, 
and an unfavourable water-sprout development is thus enhanced. The influence of apical domi-
nance on the lower surface (Fig. 1, 1/2 a) results in a fur ther decrease in its sprouting capaci ty —-
which due to its position is reduced in any case — and the bough will eventually become bare. 
In conclusion "sectorial fruit-tree pruning" when completed by bending is able to re-
strain water-sprout development on the upper surface of boughs of different inclination, and 
prevent the lower surface f rom becoming bare, t hus rendering possible an increased product iv i ty 
and larger producing surface nearer to the ground. "Sectorial p run ing" can also be used during 
the crown rejuvenation and subsequent thinning of shoots. 
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HISTOLOGICAL CHARACTERISTICS OF L E A F - AND B A R K DRUGS F R O M N E O -
BRACEA VALENZUELANA ( R I C H ) URBAN G R O W N IN CUBA 
Neobracea Valenzuelana is a wide-spread weed plant in Cuba. Attention has recently been 
called to its therapeutical value by Acuna Ju l i an , Professor of Botany , who sent samples to 
Barcelona (Spain) for the purpose of plant chemical and pharmacological experiments. Investi-
gations have revealed tha t this plant contains a substance of much stronger and more perma-
nent hypotensive effect than Rauwolffia. These results make a pharmacognostic s tudy of the 
plant necessary, primarily in respect of the leaf and bark which offer the drugs. The present 
paper, which forms the f irst p a r t of our investigations planned with the plant, gives a descrip-
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t i on of the macromorphological and microscopic propert ies of the leaf- and bark drugs, which 
— in our opinion — can be used for identif icat ion. 
The genus Neobracea was described in detail by B r i t t o n ( L E O N — A L A I N 1 9 5 9 ) . According 
to his description 5 species of the genus are endemic in t he Wes t Indies. Four of the five species 
l ive in Cuba, and one on the Bahama Is lands . These species are xerophytes. They are at home 
in wind-blown places (zones exposed to t he winds). 
The species are : N. angustifolia B r i t t . : a native of t he province P inar del Rio, in soils of 
h igh Mg- and Ca con t en t . (Cuba); N. flou ardii Woods: grows in the moun ta ins of las Villas; 
N. Bahamensis B r i t t . : is found on the coast of province Or ien te ; in the province Matanzas and 
on the Bahama I s lands ; N. olxmanii U r b a n : a nat ive of t he provinces P inares and Pinar de 
Rio ; N. Valenzuelana (A. Rich) Urban : can be collected in all provinces, bu t a lways in the vege-
t a t ion zone called "Cuaba les t e j ánsu" . T h e lat ter species is a tree or bush which may reach a 
he ight of even 8 m, b u t is generally only 2 m high. I t is a xe rophy te of slow growth . I t is a p lan t 
no t cult ivated, only growing wild. No d a t a are available on i ts soil- and cl imatic requirements . 
U n d e r tropical condi t ions it blossoms readily though no t continually; it produces follicles. 
In volume V . of Flora de Cuba compiled by L E O N — A L A I N ( 1 9 5 9 ) Rich and Urban de-
scribe the plant as fol lows: a tree or bush of 1—8 m height . I t s leaves are oval, or oblong lanceo-
la te , 2.5—6 cm long and 0.8—2 cm wide. There are elliptic leaves too, chipped off at the t ip 
and pointed at the base. I t s leaf surfaces are generally sh iny . The flowers are pink. The recep-
tacle is 2—8 mm, the pedicel 3—5 m m long; the corolla is 1 .5—2 cm long. The follicles are th in 
and flexible, 9 — 15 cm long. It is an endemic plant growing everywhere in Cuba on a so called 
Kuaba le s soil. 
For the presen t work the mater ia l was collected in t he province Canossi f rom wild p l an t s 
under the guidance of Prof. Luis R o j a s Carballosa (Dep t . de Farmakognosia y Fi toquimica, 
Universi tas de la H a b a n a ) . The test mate r ia l arrived in a completely dry s ta te and consequently 
t he epidermis could no t be removed f r o m the leaves even a f t e r a lengthy soaking and special 
sof tening process ( S Á K K Á N Y — S Z A L A I 1 9 5 7 ) . For this reason we made a t t e m p t s with " N e a t a n " 
(Merck) a plastic f i lm recommended by L A S S Á N Y I ( 1 9 7 1 ) , which is generally used in th in layer 
chromatography to preserve and remove layers. In add i t ion we tested, and u l t imate ly applied 
successfully, the H u n g a r i a n make Plasz tubol , a t r ansparen t plastic wound cover, which can be 
r emoved from the sur face together wi th the epidermis. 
These mate r ia l s were used for t he examinat ion of b o t h (upper and lower) leaf epidermes. 
Superficial contaminat ions were removed with distilled water and the leaves dried on 
f i l t e r paper, then sp rayed once or twice wi th Plasztubol or Neatan to obta in an appropr ia te 
th ickness of layer. A f t e r drying the layer was removed a n d placed in a 1 : 1 ra t io mix ture of 
glycerine and water . To make the examina t ions easier we s ta ined the layers wi th toluidine blue 
of various — t h o u g h usually 2 per cen t — concentra t ions . 
Experience showed tha t the epidermis layers ob ta ined with Neatan f i rs t had to be placed 
in wa te r to become smooth before ge t t ing covered wi th water and glycerine. 
Another histological testing m e t h o d was: the appl icat ion of a sof tening mixture : gly-
cerine : alcohol : w a t e r for 24 hours. T h e material to be excised was then boiled in water for 
1—2 hours. Having been prepared the sections were repea ted ly boiled on a low fire with a 2 per 
cent K O H solution for t he purpose of purif icat ion, then washed and covered by glycerine-gela-
t i n ( S Á R K Á N Y — S Z A L A I 1 9 5 7 ) . 
Method of examin ing the pulver ized leaf. Leaf powder previously ground and passed 
t h r o u g h a screen of 75 m m mesh was pur i f ied by boiling for 1—2 minutes in a 2 per cent K O H 
solution, washed thoroughly first wi th t a p water, then wi th distilled water , and pu t in gly-
cerine-gelatin for microscopic studies. 
Method of examining bark sections. Sections excised f rom bark previously soaked in 
w a t e r for 24 hours were purified by boiling in a 2 per cent K O H solution, t hen washed and placed 
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Fig. 2, Preparation made with Neaten of the epidermis of the upper leaf surface (M = 8 X 4) 
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Fig. 3. Lactiferous vessels between the epidermis cells of the upper leaf surface (M = 42 X 4) 
Fig. 4. Trichomes, crystals and stomata (st) in the epidermis of the lower leaf surface (M = 
8 x 4 ) 
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Fig. 5. Trichomes of characteristic s tructure, and lower surface epidermis cells with windinj 
walls (t = trichome) (M = 42 X 4) 
Fig. 6. Large rosettes in the lower surface epidermis (c = crystal) (M = 4 2 x 4 ) 
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Fig. 7. Cross-section through t h e m a i n leaf vein (ep = epidermis; sp = spongy p a r e n c h y m a : 
1 = lactiferous vessel ; pp = palisade pa renchyma) (M = 2 0 x 4 ) 
in glycerine-gelat in. Having been pur i f ied with K O H a n d washed, some of the sections were 
s tained wi th a 2 p e r cent solution of aqu ibus toluidin b lue , then d i f f e ren t i a t ed in water a n d cov-
ered in glycerine-gelat in for the purpose of e x a m i n a t i o n . 
P r o d u c t i o n of bark m a c e r a t e in order to s t u d y t he individual e lements . The b a r k was 
b roken up in to pieces of the th i ckness of a ma tch , t h e pieces placed in concent ra ted n i t r ic acid 
t o which p o t a s s i u m chlorate was carefu l ly added, a n d t h e whole m i x t u r e slowly warmed u p t h e n 
boiled for 1—2 m i n u t e s in a gas -chamber . The m a t e r i a l was washed severa l t imes, s ta ined w i t h 
a 2 per cen t so lu t ion of toluidin blue, then washed aga in and placed in glycerine-gelatin. 
Pu lve rous b a r k p repa ra t ion . Produced in t h e s a m e way as t he leaf powder (see a b o v e ) . 
Morphology of leaves. Leaves detached f r o m t h e s ta lk and dr ied h a v e 3 di f ferent f o r m s : 
Some leaves h a v e petioles while o t h e r s are sessile leaves . The colour of t h e leaves is l ight g reen , 
sometimes w i t h a red shade on t h e u p p e r surface. T h e lower leaf sur face var ies f rom l ight g reen 
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Fig. 8. Sc le renchyma b u n d l e surrounding t h e palisade p a r e n c h y m a (M = 42 X 4) 
to brown. The edges are rolled in , a re stiff and f rag i l e when dry. Leaf veins are p i n n a t e d a n d 
prot ruding o n t h e lower surface (F ig . 1). 
Shape of t h e leaf b lade: F o r m 1.: a symmet r i ca l , reversed egg-shape . Tip chipped off in 
a heart shape. L e n g t h 5.5 cm, w i d t h (at the wides t po in t ) 1.8 em on a n average; — smal l e r 
leaves are 1.4 c m long and 0.8 c m wide .—Form 2.: ova l , wi th an a symmet r i ca l base. T ip c h i p p e d 
off. The longes t leaf is 3.5 cm, t h e smallest one 2 cm long. W i d t h r a n g e s f rom 2.2 to 1.2 c m . 
F o r m 3.: l anceo la te , wi th a s y m m e t r i c a l base. Tip genera l ly wedge-shaped. Length 6.4—2.6 c m ; 
wid th 1.5—0.8 c m . 
His to logy of leaves. E p i d e r m i s on the u p p e r leaf surface: I n p repara t ions m a d e w i t h 
Plasztubol t h e shape of the e p i d e r m i s cells is n o t clearly seen, while i n those p repa red w i t h 
Nea tan they a r e readi ly d i s t ingu ished (Fig. 2). Ove r t h e veins the ep ide rmis is formed b y long 
brick-shaped cells. The epidermis cells of the i n t e r v e n i a are most ly b l u n t l y oc tahedra l w i t h 
slightly u n d u l a t e walls (Fig. 3); b e t w e e n them are t h e guard-cells of t h e long laticiferous vessels 
reaching the su r f ace . The t r i c h o m e s are also cha rac te r i s t i c appendages of the uppe r s u r f a c e 
Acta Agronomica Academiae Scientiarum Hungaricae 22, 1973 
V A R I A . 3 8 3 
Fig. 9. Sclerenchyma bundle surrounding the pal isade parenchyma one layer deeper t h a n in 
Fig. 8. I t can clearly be seen to be at right angles to the f o r m e r one (se) (M = 42 X 4) 
leaf epidermis in Neobracea Valenzuelana. They are identical with those developing on the lower 
leaf surface. On a petiole composed of a number of cells, an average of 18—20 radially distr ib-
uted spindle-shaped ray cells a re found at r ight angles. Their sur face is covered by a kn i t t ed 
cuticle. The t r ichomes are 78—84 microns in d iameter . Enormous rose t tes are found (Ca /C00 2 ) 
in certain cells of the epidermis, which with their rounded edges are o f t en spherical. The i r size 
is varied, t h e two diameters r a n g e between 28 a n d 71.4 and 34 and 57.8 microns respect ively, 
on the basis of 20 measurements . On the upper leaf surface the epidermis has no s t o m a t a . 
Ep ide rmis on the lower leaf surface: can be easily studied w i t h t he Plasztubol t echnique 
too. The walls of the epidermis cells are winding, wi th simple p i t s . W h e n measured along the 
longitudinal axis they are 74 .8—34 microns long. Between the epidermis cells of the lower sur-
face there are always s tomata of around 24.9 pe r 1 mm 2 in n u m b e r . They are sur rounded by 
accompanied cells (two each) which form a type of s toma character is t ic of the Rubiaceae . This 
in general is also characterist ic of the family Apocynaceae (VERZÁR—PETRI 1971). T h e dimen-
sions of the s t o m a t a — with t h e two guard-cells included — are: l eng th = 30.6—35 microns, 
width = 27.2—34 microns. B o t h this and the i l lustrat ions show t h a t t he guard-cells sur round 
4* Acta Agronomica Academiae Scientiarum Hungaricae 22, 1973 
3 8 4 VARIA 
Fig. 10. Sclerenchyma c o l u m n s in the cross-sect ion of the leaf (M = 4 2 x 4 ) 
a large oval s t o m a . T h e cells are usua l ly nar row, jus t l ike t h e accessory cells. T h e t r ichomes look 
l ike mult ipetal o p e n flowers, the i r descr ip t ion cor responds to t ha t of t r i c h o m e s found on t h e 
epidermis of t h e u p p e r leaf surface. T h e i r stalks consist of 2 or 3 cells. (F igs 4, 5, 6.) 
Cross sec t ion of the leaf: dor=ivent ra l leaf s t r u c t u r e . The ep ide rmis on the uppe r leaf 
sur face consists of 3—4 rows of cells over the m a i n leaf vein, and 1—2 rows away f r o m t h e 
m a i n leaf vein a n d on the ower leaf su r face (Fig. 7). A n elongated, closely set palisade p a r e n -
c h y m a layer is f o u n d under the u p p e r epidermis in 2 — 3 cell rows. O f t e n t h e innermost l a y e r 
of t he upper leaf su r face epidermis is, in fac t , a t h i ck -wa l l ed sc le renchyma layer of h y p o d e r -
m i s character (F ig . 8), which is c o n n e c t e d with the f i b r e s above the v a s c u l a r bundles (F igs 
9, 10). These f i b r e bundles t a k e u p t w o directions, a t r ight angles t o one another , like p a r -
q u e t strips (Figs 9, 10), which gives t h e leaf e x t r a o r d i n a r y s t rength. T h e y have a dome- l ike 
s t ruc tu re , and b e t w e e n them is f o u n d t h e assimilat ing mesophyl lum w h i c h u n d e r the pa l i sade 
p a r e n c h y m a is c o m p l e t e d by a r e l a t ive ly dense spongy p a r e n c h y m a p r o d u c i n g small in tercel lu-
l a r spaces. The t i s sues of the leaf a re closed by t he ep idermis of the lower surface. 
In the cross sections of the leaf i t can be clearly seen t h a t the s t o m a t a and the t r i chomes 
a r e slightly s u n k e n in to the surface of the epidermis. 
The main leaf veins sharply p r o t r u d e on the u p p e r leaf surface. T h e y are sur rounded b y 
a shea th of sc le renchymat ie f ibre bund l e s . Their s t r u c t u r e is bicollateral. T h e vascular t i ssue is 
crossed by a one cell-row of medu l l a ry r ays a t in te rva ls of 8—10 cells. T h e phloem consists of 
s ieve-tubes, accessory cells and b a r k p a r e n c h y m a . The xy le in consists of t h e following e l emen t s : 
t r a c h e a e a r ranged in rows, t r ache ids , a little m e t a t r a c h e a l p a r e n c h y m a and wood-f ibres . 
Lact ic i ferous vessels are found on t h e o u t e r borders of b o t h the f ibr i l la t ing p a r t s of the p h l o e m 
(F igs 7—11). U n d e r the main bund le s towards the ep ide rmis of the lower leaf surface there a re 
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Fig. 11. S t ruc tu re of the main leaf ve in (sc = sc l e renchyma; 1 = l ac t i fe rous vessel) (M = 
4 2 x 4 ) 
7—8 cell-rows of f u r t h e r izodiametr ic p a r e n c h y m a . T h e cells are 13.6—23.8 microns long a n d 
6.8—24.4 microns wide . 
E x a m i n a t i o n of the pulverized leaf. The p o w d e r passed through a screen of 75 m m m e s h 
is of green colour, charac te r i s t ic spicy odour and b i t t e r t a s t e . 
Tr ichomes, c rys ta ls , s toma f r a g m e n t s , vein p a r t s a n d even some oc tahedr ie i n t e rven i á l 
p a r t s wi th the ends of veins are read i ly ident i f ied in t h e powder (Fig. 12). 
E x a m i n a t i o n of the cor tex. Morphology. The d r u g consists of 5—15 cm large pieces of 
b a r k wi th t u b u l a r s t r u c t u r e and u n e v e n surface cove red w i t h rh i t idome. The i r colour is g rey i sh 
b rown , their su r face uneven , wrinkled. The surface of t h e f rac ture is f i b r o u s ; the inner p a r t is 
l ighter and has a smoo the r surface (Fig . 13). 
Cortex m a c e r a t e . The p r e p a r a t i o n mostly cons i s t s of th ick-wal led , evenly t h i c k e n i n g 
na r row fibres wi th po in ted t ips (f) F ig 14); here and t h e r e dis integrated sclereids (sc) are f o u n d . 
P a r e n c h y m a t i c elements are f o u n d in the m a c e r a t e either in l a rge coherent g roups , or 
only occasionally. 
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Fig. 13, Macroscopic p i c t u r e of the ha rk d r u g 
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Fig. 14. Bark mace ra t e (f = f ibre; sc = sclereid) (M = 2 0 x 4 ) 
Fie 15 Rh i t idome. F = f ibres ; p h = phellogen; sc = sclereids; 1 = lactiferous vessel 
(M = 4 2 x 4 ) 
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Fig. 16. Tissue s t ruc tu r e of t he secondary b a r k ; t h e dark stripes consis t of ha rd p h l o e m 
(f ibres) ; 1 = p a r e n c h y m a b r e a k - t h r o u g h , one cel l-row; 2 = p a r e n c h y m a b r e a k - t h r o u g h , 
mult i -cel l - row; 3 = crysta l l i ferous locular f i b r e s ; 4 = lat iciferous vessel (M = 8 X 4) 
A n a t o m y of the cortex. T h e rh i t idome con t a in s phellogen in severa l layers, w h i c h h a s a 
dipleuric ac t ion. T h e cells of the s t r ip- l ike phellom a r e brick-shaped, loose in the cen t r e of t he 
surface. The cells of the phe l loderma are radially a r r a n g e d with u n d u l a t e walls; be tween t h e m 
sclereids can be observed grouped in rows; the l a t t e r are already cha rac te r i s t i c e lements of t he 
phloem. The charac te r i s t ic pic ture of t h e rh i t idome is completed by p h l o e m i c fibre b u n d l e s a n d 
regularly a l t e r n a t i n g soft phloem l aye r s (Fig. 15). 
The bu lk of t he drug,is composed of the s econda ry bark (Fig. 16). H a r d and sof t p h l o e m 
layers a l t e rna te in i t . The hard p h l o e m consists of 4 — 5 rows of v e r y thick-wal led f i b r e s , a n d 
-— mainly on t h e borders — of sclereids, which are 34—61 microns t h i c k , highly s t a inab le wi th 
toluidin-blue, t h u s capable of l igni f ica t ion to a cons iderable degree. 
They a re i n t e r rup t ed some t imes by a 1—2, somet imes by a 10—20 cell-rowed p a r e n c h y -
m a layer (1). T h e pa renchyma g r o u p s are not a lways immed ia t e c o n t i n u a t i o n s of the m e d u l l a r y 
r ays . 
The sof t p h l o e m is of he te rogenous s t ruc ture (2). On the border of t h e hard p h l o e m , a t a 
w i d t h of 2—3 cell-rows it consists of locular f ibres conta in ing crysta ls (3) (Fig. 17a, b) . Lac t i -
fe rous vessels a l t e rna t i ng with r ead i ly collapsing s ieve- tubes , accessory cells and a h igher l u m e n 
ph loem p a r e n c h y m a arranged in a r o w can be obse rved in it (4). This o f t e n stripe-like p a t t e r n 
m a k e s the d rug easy to ident i fy b y microscope. 
Pulvis. I n t h e pulverized b a r k f rac tures of sclereids and groups of crystal l i ferous supple-
m e n t a r y f ibres a r e t he most typ ica l . He re and the re p a r t s of lact i ferous vessels can also be ob-
served (Fig. 18). 
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Fig. 17. Longi tudinal sect ion of crystal l i ferous locular f i b re s ; 17/b = cross-section of t he 
same (M = 42 X 8) 
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Fig. 18. Bark pulver. 1 = sclereids; 2 = crystalliferous locular fibres (M = 2 0 x 4 ) 
Prepared at the Ins t i t u t e of Pharmacognosy , Semmelweis Medical Univers i ty , Buda-
pest . 
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S E E D T R A N S M I S S I O N E X P E R I M E N T S O F POTATO V I R U S M AND POTATO V I R U S S 
I N L Y C O P E R S I C O N S P E C I E S 
Since the f i rs t successful virus t ransmission experiments carried out with seeds of p lan ts 
(e.g. Phaseolus vulgaris L., Echinocystis lobata [Michx.] Torr, et Gray) infected by bean (com-
mon) mosaic virus (* / , : */„ : E / E : S/Ap) and cucumber mosaic virus (R / l : 1/18 : S/S : S/Ap) 
( c f . REDDICK—STEWART 1 9 1 8 , 1 9 1 9 : DOOLITTLE—GILBERT 1 9 1 9 ) n u m e r o u s p h y t o p a t h o g e n o u s 
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viruses have been proved to be t r a n s m i t t e d by seed. According to two recent ly published sum-
mariz ing works (reviewed by BENNETT 1969, HORVÁTH 1972a) more t h a n sixty plant viruses 
are transmissible by seed. In the seed transmission of viruses an i m p o r t a n t role is played by 
Lycopersicon esculentum Mill. As it is k n o w n the tobacco mosaic virus ( R / l : 2/5 : E / E : S / , ; 
MILINKÓ 1956, TAYLOR et al. 1961, BROADBENT 1965), t he pota to spindle tuber virus (* / , : 
*/« : */» : S/Ap, BENSON—SINGH 1964, SINGH 1970), and some NEPO-vi ruses (e.g. arabis mosaic 
virus , B / l : (41 : S/S : S /Ne ; the t o m a t o black ring virus , */„ : • / , : S/S : S/Ne, LISTER— 
MURANT 1967, MURANT—LISTER 1967) are transmissible by tomato seed. In the course of our 
exper iments performed in the last several years we f o u n d t h a t in add i t ion to Lycopersicon 
esculentum Mill, and Lycopersicon chilense Dun. other Lycopersicon species were also susceptible 
to infection by pota to v i rus M and p o t a t o virus S (HORVÁTH 1971, 1972b). Considering t ha t the 
Lycopersicon species s tud ied in most cases either responded to the infect ion latently or wi th 
hard ly visible systemic symptoms it is especially i m p o r t a n t to f ind out whe the r pota to virus M 
and po ta to virus S are transmissible b y t h e seeds of infected bu t o f t en seemingly perfect ly 
hea l t hy plants. 
Our experiments were thus a imed a t pointing o u t the possibility for the seed t rans-
mission of pota to virus M and potato v i rus S with var ious Lycopersicon species (L. esculentum 
Mill. cv. Red Cherry, L. glandulosum Muller , L. hirsutum H u m . et Bonpl. , L. humboldtii Dun . , 
L. peruvianum [L.] Mill., L. pimpinellifolium [Jusl.] Mill., L. pyriforme Dun . , L. racemiflorum 
Dun . and L. racemigerum Lange). 
The methods used in the exper iments were the following. The infection of plants inocu-
la ted wi th potato virus M and potato v i rus S was checked serologically and by test p lants (cf. 
HORVÁTH 1971). A p ropor t ion of tomato seeds collected f r o m virus infected plants and dried 
was f loa ted for 10 minutes in a 2 percent solut ion of N a O H , washed repeatedly in distilled water , 
t hen dr ied and planted in seed boxes. Ano the r propor t ion of the seed was planted in seed 
boxes un t rea ted . During t h e experiment f i f t y seeds per v i rus and tomato var ie ty were p lanted . 
The seedlings were f i rs t pr icked out, then t ransplanted into clay pots of 10 cm diameter , contain-
ing a soil mixture of pea t , sand and compost . The virus infect ion of the p l an t s was checked sero-
logically and by test p l a n t s af ter the second and third week respectively. 
W e obtained nega t ive results in b o t h experiments . Thuson the basis of the results of 
our invest igat ions it can be established t h a t potato virus M and pota to v i rus S transmissible 
b o t h mechanically and by aphids could no t in our case be t r ansmi t t ed wi th the seeds of var ious 
infected Lycopersicon species. 
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SOME Q U E S T I O N S O F F R U I T O R G A N I Z A T I O N I N C H E R R Y 
Some details of f ru i t organizat ion in stone f ru i t s belonging to the family Rosaceae have 
a l r e a d y b e e n c l e a r e d u p ( A D D O M S et al. 1 9 3 0 , D O H S E Y — P O R T E R 1 9 3 2 , L I L L E L A N D 1 9 3 2 , L I L L E -
L A N D — N E W S A M E 1 9 3 4 , R A G L A N D 1 9 3 4 , T U K E Y 1 9 3 7 , T U K E Y — Y O U N G 1 9 3 9 , L E E — T U K E Y 
1 9 4 2 , E A M E S — M A C D A N I E L S 1 9 4 7 , P É N Z E S 1 9 5 7 , E S A U 1 9 6 0 , W I L L I N G 1 9 6 0 , L O T T — S I M O N S 
1966, SÁBKÁNY—SZALAI 1966). According to some authors the kernel begins to develop soon 
a f te r fert i l ization (RAGLAND 1934, ESAU 1960). Differences in the descriptions of t h e mesocarp 
and endocarp raised the idea of s tudying the organizational re lat ions of these two t issue zones. 
For the purposes of invest igat ions f ru i t s in five different s tages of deve lopment were 
collected in the Botanic Garden of the Eö tvös Loránd Univers i ty . The individual stages of 
development were brought into connection with the size of the f ru i t . The test mate r ia l collected 
was f ixed in Bouin solution, embedded in pa ra f f in , then section series were p repa red from it 
wi th a Reicher t - type microtom. Wi th in the subject of f rui t deve lopment only t he organization 
of the f ru i t wall will be discussed here. 
The pistil developing f r o m a single carpel is joined with a b road base to the basal par t of 
the h y p a n t h i u m , the floral axis proper (Fig. 1). A t the border of t he pistil and floral axis a slight 
re t rac t ion of a width of 4—6 cell-rows can be observed. At the level of the re t rac t ion , as in the 
uppermos t node of the flower, bundles runn ing upward f rom the floral axis jo in and form a 
bundle shea th . I t is f rom this t h a t bundles interweaving the pistil s t a r t : a large dorsal bundle, 
two seed pr imordium bundles on the vent ra l side and next to t h e m two wing-bundles as well 
as several vegetat ive bundles between the wing-bundles and the dorsal bundle. 
A t the height of the cavi ty of the ovary the pistil slightly widens then nar rowing again 
cont inues in the elongated style. The st igma is of 50—55 cell-rows in diameter. U n d e r the epi-
dermis covering i ts surface the elongated cells running parallel w i t h the longi tudinal axis are 
vacuolized and contain green chloroplasts. F a r t h e r in more procambia l bundles are found run-
ning u p to the st igma. The wide tissue cylinder running upwards f r o m the base in t he centre of 
the style still has a pronounced meristemic charac ter . This mer is temic layer produces the sev-
eral cells high papil lat ion of t he s t igma. 
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Fig. 1. Longi tudinal sec t ion of the cher ry f l o w e r w i t h pist i l and h y p a n t h i u m wal l (obj . 
2 , 6 Xoc . 3 , 2 X 
Fig. 2. Cross-section of t h e pist i l wall; t h e inne r t issue zone is still highly mer i s temic (ob j . 
1 0 X , oe. 4 X ) 
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Cells of t he ep idermis covering t h e ovary show an in tens ive radia l e longat ion a n d h a v e 
l a rge central nuclei . Cer ta in cells h a v e undergone a cell division b y ant icl inal walls. The meso-
p h y l l u m of the pis t i l consists of 20—25 cell-rows on t h e dorsal side and of 30—35 cell layers o n 
t h e ven t ra l side. T h i s h igh degree t i ssue growth is p roduced by t h e joining of t he edges of t h e 
ca rpe l s , the d e v e l o p m e n t of the p l a c e n t a . The two ovules lying one above t he o the r rise f r o m 
t h i s area. Now t h e t i ssue character is t ics seen in cross sections m a d e f rom the mesophy l lum of 
t h e pistil will be discussed in deta i l (Fig . 2). I m m e d i a t e l y u n d e r t he epidermis t he cells are al-
r e a d y in the process of s tabi l izat ion, cells in the 2—3 subep ide rmal cell-rows are s l ight ly elon-
g a t e d parallel to t h e surface. The cells conta in chloroplas ts . F a r t h e r in t he cells become iso-
d iame t r i c . Be tween larger cells con ta in ing chloroplasts smaller readi ly s ta ined mer i s t emic cell 
g r o u p s are seen. Th i s t issue zone of t h e mesophy l lum is some 15—16 cell-rows wide a n d provides 
t h e bulk of the wall in the fully developed pistil . I n w a r d f r o m this , as f a r as the inner ep idermis 
a mer is temic t i ssue zone consist ing of 8—10 cell-rows follows which is con t inued u p w a r d in 
t h e style. I t s cells a re small , in cross sect ion generally t r i angu la r or square , easy to s ta in , w i t h 
a l a rge nucleus. T h i s mer is temic t i ssue zone forms one - th i rd or a qua r t e r of the f r u i t wall. T h e 
cells of the inner ep ide rmis generally are square , somet imes e longated a t r ight angles to the sur-
f a c e , or f l a t t ened para l le l to i t ; in eve ry case of highly mer i s temic charac te r . A t t h e basa l p a r t 
s o m e stiff shiny ha i r s rise f rom the inne r epidermis a r o u n d t he p lacen ta too. The d i f f e r en t i a t i on 
of t h e vascular t i s sue sys tem has a l r eady s t a r t ed . I n t h e ex te rna l t issue zone, wh ich is a l ready 
becoming s tabi l ized, t h e more in tensely s ta ined bund les of the p rocambia l bund le s y s t e m a p p e a r 
a t a distance of 5 — 6 cell layers f r o m t h e externa l epidermis . 
In the n e x t , second stage t he y o u n g developing f r u i t is some 6 m m long a n d of 2—2,5 m m 
d i ame te r . The h y p a n t h i u m still s u r r o u n d s the growing f r u i t , b u t a t the basal p a r t t he abscission 
l a y e r already beg ins developing. 3—4 d a y s a f te r f lower ing an i m p o r t a n t change h a s occurred 
in t h e tissue condi t ions . I n the ou te r p a r t of the f r u i t wall t he ra t io of stabil ized a n d mer i s temic 
cells has changed c o m p a r e d to the f o r m e r s t a t e : t he b u l k of th i s t issue p a r t is f o r m e d b y meris-
t e m i c cell groups b r o u g h t about b y in tens ive division. I u th is p a r t of the f r u i t wall t h e n u m b e r 
of cell layers has b e c o m e 19—23 (Fig . 3). F r o m here inward t he t issue zone showing a fu l ly 
mer i s temic cha rac t e r f r o m the beg inn ing ma in ta ins th i s p r o p e r t y and t h rough a h igh ly in tens ive 
cell division increases t he number of i t s cell-rows t o 25—30. I n t he immed ia t e v i c i n i t y of t h e 
i n n e r epidermis t h e cells elongate para l le l to the sur face (Fig. 4). 
At the t h i r d s tage of d e v e l o p m e n t (Fig. 5) t h e y o u n g f ru i t is 1 0 x 8 m m . T h r o u g h t h e 
a c t i o n of the absciss ion layer the h y p a n t h i u m was separa ted a t t he border of t h e f r u i t and f r u i t 
s t e m . At this s tage t h e processes of s tabi l iza t ion d o m i n a t e , especially in t he ou te r zone of t h e 
f r u i t wall. Cells of t h e single cell-layer epicarp developing f r o m the epidermis begin t o e longate 
para l le l to the su r f ace . At the same t i m e in the unde r ly ing 2—3 cell-rows t he o u t e r and inner 
t angen t i a l walls of cells elongated para l le l to the sur face — i.e. t angen t ia l ly — t h i c k e n and a n 
i n t ens ive vacuo l i za t ion s tar t s . I n t h e m e a n t i m e the re has been in tensive g r o w t h in t he o u t e r 
t i ssue zone of t h e mesoca rp t h r o u g h t h e mer is temic ac t iv i t y a l ready described a n d t h e n u m b e r 
of i t s cell-rows h a s become 30—35. T h e cells have in a shor t t ime grown to a g rea t e x t e n t a n d 
show intensive vacuo l iza t ion . Cells s tabi l ized a t the pist i l s tage and those newly p r o d u c e d b u t 
a l ready similarly vacuol ized can be dis t inguished qu i t e well, because in t he ear l ier s tabi l ized 
cells the chloroplas ts can be seen even a t th is s tage. 
The s e p a r a t i o n of the mesoca rp a n d endocarp occurs a t th is s tage of d e v e l o p m e n t . T h e 
i n n e r meris temic t i s sue zone of t he mesophy l lum of t h e pistil — as i t has been men t ioned — 
showed an in tens ive g rowth h u t no r e m a r k a b l e d i f f e ren t i a t ion a t s tage I I . 
At this s t age a f u r t h e r g r o w t h ( to 50—52 cell-rows) in the inner t issue of t h e f r u i t wall 
occurs on one h a n d , a n d the size of cells increases on t he o ther , while inside t he cells o t h e r cy to -
logical changes c a n be seen. The c y t o p l a s m occupies t he space along the cell-wall r o u n d the la rge 
cen t r a l vacuole. I n cells ad j acen t to t h e inner epidermis a secondary th ickening of t h e cell-walls 
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Fig. 3. Outer t issue zone of the developing young f r u i t wall (obj . 20 X , oe. 4 x ) 
Fig. 4. Inner t issue zone of the developing young f r u i t wall (obj . 20 X , oc. 4 x ) 
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Fig, 6. Layer consis t ing of t r ansversa l ly dividing cells a t t he border of t he mesocarp and 
endoca rp (obj . 40 X, oc. 4 x ) 
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Fig. 5. Longi tud ina l section of t h e wall in a somewhat older f r u i t (obj . 10 X , oc. 4 x ) 
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Fig. 7. Lignif icat ion of t h e endocarp has s t a r t ed ; the inner layer consists of e longated, the 
ou te r one of i sodiametr ic cells (obj. 20 X, oc. 4 x ) 
Fig. 8. Deta i l of ripe f r u i t f lesh with t h e g ian t pa renchyma cells of the mesocarp (obj. 20 X, 
oc. 4x) 
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Fig. 9. In a th in sect ion prepared f r o m t h e endocarp of a r ipe f ru i t the i sodiametr ic sclereids 
of t h e ou te r endocarpic layer appear (obj. 40 X , oc. 4 x ) 
Fig. 10. E l o n g a t e d sclereids in t h e inner endocarpic layer (obj. 40 X , oc. 4 x ) 
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b e g i n s , w h i c h a d v a n c i n g o u t w a r d s s p r e a d s over to o t h e r cell l aye r s , t o o . I t is in t h i s w a y t h a t 
t h e e n d o c a r p deve lops f r o m t h e i n n e r t i s s u e zone of t h e m e s o p h y l l u m of t h e f r u i t - w a l l a n d f r o m 
t h e i n n e r ep idermis . H a i r s e x t e n d i n g i n t o t h e f r u i t c a v i t y a r e d e s t r o y e d a t t h a t t i m e as a r e s u l t 
of ce l l -wal l t h i c k e n i n g . 
T h e deve loping e n d o c a r p c o n t i n u e s growing t o s o m e e x t e n t . N a m e l y a t t h e b o r d e r of 
t h e m e s o c a r p a n d e n d o c a r p t h e i n n e r m o s t m e s o c a r p cells b e c o m e d i l a t e d u n d e r t h e i n f l u e n c e 
of a p r e s s u r e r e su l t i ng f r o m t h e e x p a n s i o n of t h e e n d o c a r p , whi le a p l a s m a a c c u m u l a t i o n occurs . 
T h e n a r e p e a t e d cell d iv i s ion t a k e s p l a c e w i t h r ad i a l wal l s w h e r e b y 4 — 5 cells a re p r o d u c e d 
t a n g e n t i a l l y . The n e w cells g row t o s o m e e x t e n t , b e c o m e i s o d i a m e t r i c a n d inc rease t h e t i s s u e 
of t h e e n d o c a r p (F ig . 6). A m e r i s t e m i c a c t i v i t y of t h i s k i n d is m a i n t a i n e d fo r a whi le . 
A t t he f o u r t h s t a g e of d e v e l o p m e n t t h e f r u i t is a b o u t 14 X 11 m m la rge , t h a t is, i t h a s 
r e a c h e d a b o u t half of i t s f i n a l size. T h e p rocess of v a c u o l i z a t i o n goes o n especia l ly in t h e t i s sue 
of t h e m e s o c a r p . U n d e r t h e ep i ca rp t h e l a m e l l a r c o l l e n c h y m a h a s a l r e a d y c o m p l e t e l y deve loped . 
F a r t h e r in t h e cells a r e still of g r e e n i s h ye l low colour d u e p a r t l y t o t h e cel l -sap, p a r t l y to t h e 
c h l o r o p l a s t s t he d i s o r g a n i z a t i o n of w h i c h n o w begins . T h e m e s o c a r p cons i s t s of 30—38 cell-
r o w s , t h i s will no l o n g e r change . 
T h e e n d o c a r p b e c o m e s m o r e a n d m o r e s e p a r a t e d f r o m t h e m e s o c a r p , a n d t h e f l a t t e n e d 
cells a t t h e border of t h e t w o t i s s u e zones no longer d iv ide . D i f f e r e n t i a t i o n in t h e t i ssue zone 
h a s a d v a n c e d , t he cel l -wal ls show b o r d e r e d p i t s , b u t t h r o u g h t h e p i t s t h e r e is st i l l a p l a s m a t i c 
c o n n e c t i o n be tween t h e a d j a c e n t cells. Cells of 10—12 cel l - rows in t h e t i s sue p a r t n e x t t o t h e 
f r u i t c a v i t y become in t h e m e a n t i m e h i g h l y e longa ted (F ig . 7). A t t h e p lace whe re t h e edges of 
t h e c a r p e l jo in t he cells a r e genera l ly sma l l e r , f l a t t e n e d a n d h a v e t h i n wal ls . 
A t t he f i f t h s t a g e t h e f r u i t h a s r e a c h e d i ts fu l l size: 20—22 m m w i d t h a n d 24—26 m m 
l e n g t h . T h e cells of t h e e p i c a r p h a v e e l o n g a t e d para l le l w i t h t h e s u r f a c e . T h e cells of t h e meso-
c a r p a r e large , t he p l a s m a is a t h i n l i n i n g a long t h e cell-wall , t h e cel l -sap in t h e l a rge c e n t r a l 
v a c u o l e c o n t a i n s a r e d co lour ing m a t t e r (F ig . 8). 
I n t h e e n d o c a r p i c cells t h e p l a s m a h a s been c o m p l e t e l y a b s o r b e d , t h e s e c o n d a r y t h i c k e n -
ing of t h e cell-walls h a s c o n t i n u e d a n d t h e p i t s h a v e d e e p e n e d i n t o d u c t s . T h e sclereid s t r u c t u r e 
t h u s deve loped can b e a n a l y s e d on ly in t h i n sect ions. O w i n g t o p r e s s u r e c o n d i t i o n s p r eva i l i ng 
d u r i n g l ign i f ica t ion t h e s h a p e of cells in t h e o u t e r l a y e r of t h e e n d o c a r p ( p n t a m e n ) s l igh t ly 
d i f f e r s f r o m the i s o m e t r i c a l a n d is r a t h e r va r i ed . I n t h e i n n e r zone of t h e e n d o c a r p t h e cells 
a r e e l o n g a t e d , f ib re - l ike . These t w o l a y e r s of t h e e n d o c a r p a re d e f i n i t e l y s e p a r a t e d f r o m one 
a n o t h e r . T h e f ina l t h i c k n e s s of t he e n d o c a r p is 55—60 cel l - rows (F igs . 9 a n d 10). 
A s u m m a r i z a t i o n of t h e r e s u l t s conce rn ing t h e f r u i t o r g a n i z a t i o n of c h e r r y h a s r e v e a l e d 
t h a t i n t h e pist i l t h e t w o p a r t s of t h e f r u i t - w a l l : m e s o c a r p a n d e n d o c a r p a re d e t e r m i n e d f r o m 
t h e b e g i n n i n g , a l t h o u g h t h i s only b e c o m e s obv ious a t t h e t h i r d s t a g e of d e v e l o p m e n t . F r o m 
t h e o u t e r p a r t of t h e m e s o p h y l l u m t h e m e s o c a r p , whi le f r o m t h e i n n e r m e r i s t e m i c t i s sue zone 
a n d i n n e r ep idermis t h e e n d o c a r p d e v e l o p . T h e m e s o c a r p shows b u t a s l ight g r o w t h d u r i n g i t s 
d e v e l o p m e n t , while t h e e n d o c a r p i n c r e a s e s t h e n u m b e r of i t s cel l - rows 6 — 7 t i m e s c o m p a r e d t o 
t h e i r or ig ina l n u m b e r . T h i s i n t e n s i v e g r o w t h is caused , o n one h a n d , b y t h e v igo rous d iv i s ion 
of t h e e n d o c a r p i c cells, whi le on t h e o t h e r h a n d , t h e cell d iv is ion a n d s c l e r e n c h y m a t i z a t i o n of 
t h e m e s o c a r p i c cells a t t h e b o r d e r of t h e e n d o c a r p a n d m e s o c a r p c o n t r i b u t e to t h i s p rocess as 
wel l . 
P r e p a r e d a t t h e D e p a r t m e n t of App l i ed B o t a n y a n d H i s togenes i s of t h e E ö t v ö s L o r á n d 
U n i v e r s i t y , B u d a p e s t . 
P . G R A C Z A , Z . R Á c z 
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P E R I C A R P T H I C K N E S S I N O P A Q L E - 2 M A I Z E ( Z E A M A Y S L . ) 
A N D I T S N O R M A L A N A L O G L E 
I t is a general experience of maize breeders t ha t opaque-2 maize usually ma tu res some-
w h a t l a t e r t h a n n o r m a l m a i z e (LAMBERT et al. 1969 , PAEZ et al. 1969 , KOVÁCS et al. 1970 , 1971) . 
I t was shown by LAMBERT et al. (1969) t h a t the opaque-2 maize had nearly 4 per cent more 
g ra in mois ture during the early h a r v e s t period t h a n i ts normal analogue. PuRDY—CRANE 
(1967) observed in slow and fast drying maize hybr ids t h a t the different ial ra tes of water loss 
were due to the physical s t ruc ture of t he pericarp and not to metabol ic processes within the 
kerne l . I t was observed by HELM et al. (1970) t h a t some of the endosperm m u t a n t s modify peri-
ca rp th ickness in maize. 
The work reported herein was designed to s tudy if there was any anatomical modifica-
t ion , e i ther in the s t ruc ture or the th ickness of the pericarp of the opaque-2 maize caryopsis, 
t h r o u g h which the grain moisture m u s t be released during the m a t u r i t y process. 
Incorporat ion of the opaque-2 gene f rom the same initial source to several of t h e inbred 
lines is one of the current programmes of t h e inst i tute . Two inbred lines N6 and R61 were crossed 
wi th W64AO2, the donor of the o2 gene, and back crossed three t imes with the normal . The 
homozygous o2 forms of these lines and the i r normal analogues were used in this analysis. Ears 
ob t a ined f rom the sib-pollination of single cross hybrids produced f rom a cross between (N6 
o2 X R61 o2) on the one hand , and (N6 X R61) on the other were the mater ia ls used in this s tudy. 
T h e ears were harvested 56 days a f te r pol l inat ion. Ten kernels f rom each hybr id , f ive f rom the 
u p p e r half of the ear and five f rom the base of the ear were examined for pericarp thickness 
w i t h t he procedure described below. 
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Table 1 
Pericarp thickness of opaque-2 and normal maize kernels 
K e r n e l 
Kernel 
No . 
Per icarp thickness in microns 
Material p l a c e m e n t 





Opaque-2 U p p e r 1. 101.1 157.5 129.3 
2. 141.2 119.3 130.2 
3. 126.4 122.5 124.4 
4. 172.0 173.0 172.5 
5. 154.9 158.3 156.6 
Average 139.1 146.1 142.6 
-do- Lower 1. 113.8 134.3 124.1 
2. 138.3 158.1 148.2 
3. 162.2 123.0 142.6 
4. 137.5 144.0 140.8 
5. 150.6 126.3 138.4 
Average 140.5 137.1 138.8 
Average over opaque types 139.8 141.6 140.7 
Normal U p p e r 1. 107.0 98.2 102.6 
2. 89.0 103.1 96.1 
3. 90.1 123.7 106.9 
4. 113.2 90.5 101.8 
5. 109.8 113.6 111.7 
Average 101.8 105.8 103.8 
-do- Lower 1. 94.2 115.7 105.0 
2. 114.2 113.0 113.6 
3. 99.0 104.2 101.6 
4. 108.1 88.4 98.2 
5. 102.4 87.4 94.9 
Average 103.6 101.7 102.7 
Average over normal types 102.7 103.8 103.2 
Pericarp str ips were removed f rom kernels steeped in water for 3—4 hours as per the 
procedure adapted by WOLF et al. (1969). Transverse sections, 25 fi. in thickness, were cu t f rom 
the removed pericarp s t r ips both f rom the germinal and abgerminal sides of the kernel wi th the 
help of a handmic ro tome . The sections were stained for a shor t t ime in diluted U N N A type 
polychrome methylene blue. The stain was prepared by dissolving 1 gram methy lene blue and 
1 g ram potassium c a r b o n a t e in 100 ml distilled water plus 20 ml 96% ethanol. The solut ion was 
slowly evaporated on a wa te r -ba th to 100 ml and f i l tered (SCHNEIDER 1922). The s ta ined sec-
t ions were mounted in 1 : 1 glycerine wa te r solution. Three measurements on per icarp thickness 
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f r o m each of the two, germinal and abgerminal , surfaces of the kernel, t h a t is six measurements 
suggested by HELM—ZUBER (1969) were made on each kernel . 
Trials were also made to s tudy external ly the cons t i tu t ion of the cells of the outermost 
l aye r covering the caryopsis . Replicas were made onto nail-polish and examined microscopi-
cally. These cells were also examined b y adap t ing the procedure described b y ÚJHELYI (1954) 
for analysing the a n a t o m y of the epidermis in the Gramineae family, which was found to be 
no t too successful for our purpose. 
The data o b t a i n e d on pericarp th ickness was analysed statist ically using the s tandard 
analys is of variance t echn ique (STEEL—TORRIE 1960). 
Observations m a d e on the th ickness of the removed pericarp strips f rom the germinal 
and abgerminal sides of opaque-2 and normal kernels obta ined f rom an upper and a lower 
p l acemen t on the ear a re presented in Tab le 1. Each observa t ion is an average of th ree measure-
m e n t s made on each side of the kernel. A stat is t ical analysis of these observat ions is presented 
in Tab l e 2. I t will be seen f rom this table t h a t the type of the kernel was a ma jo r fac to r in contri-
Tabie 2 
Analysis of variance of data in Table 1 
Source df Mean squares 
Repl ica t ions 4 214.7 
T r e a t m e n t s 7 2045.8** 
Side of the kernel 1 21.1 
Type of the kernel 1 14044.5** 
P l a c e m e n t of the kernel 1 61.7 
Side X type 1 1.5 
Side X placement 1 163.5 
Type X placement 1 17.7 
Side X type X placement 1 10.8 
Er ror 28 308.2 
To ta l 39 
** significant a t 1% level. 
b u t i n g to the observed var ia t ion in per icarp thickness, and t h a t the difference be tween opaque 
and normal kernels was highly significant. I t would also be interest ing to note t h a t the replica-
t ions , the germinal or abgerminal side of the kernel, the p lacement of the kernel on the ear and 
va r ious interaction f ac to r s were all nonsignif icant in cont r ibu t ing to the observed var ia t ion. 
I t m a y be pointed ou t t h a t the opaque-2 kernels showed on an average a per icarp thickness of 
140.7 fi in contrast to only 103.2 fi observed in the normals , t h a t is, it demons t ra tes an increase 
of 36.3 percent in pe r i ca rp thickness in t he presence of t he gene o2 in the recessive homozygous 
condi t ion over its n o r m a l counterpar t . T h e difference is mainly a t t r ibu tab le to the effect of the 
gene, and not to the background , as the hybr ids used theoret ical ly had 93.75 per cent genetic 
background in common . The difference in thickness of t he pericarp of opaque-2 and normal 
kerne ls is also shown in photographs (Fig. 1). 
Preliminary s tud ies on the cons t i tuen t cells of the ex terna l layer of the epicarp in opaque-
2 a n d normal kernels h a v e failed to demons t r a t e any difference. No s tomata were observed on 
e i ther t he opaque-2 or t h e normal maize caryopsis. 
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I . Sections of the per icarps of a ) normal a n d b) opaque-2 maize kernels. Magni f ica t ion 
500 X 
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T h e d r y i n g r a t e in m a t u r e m a i z e has been s h o w n t o be d i rec t ly c o r r e l a t e d w i th t h e p h y s i -
cal s t r u c t u r e of t h e per icarp (PURDY—CRANE 1967). T h e deve lop ing e n d o s p e r m m a y h a v e A 
v a r y i n g a m o u n t of compress ion o n t h e ou te r t i s s u e s which could i n t u r n a l te r t h e p e r i c a r p 
t h i c k n e s s (RANDOLPH 1936, RICHARDSON 1960). A l o w e r kerne l w e i g h t o b s e r v e d in t h e case of 
t h e o p a q u e - 2 g r a i n s t h a n in t h e n o r m a l (KOVÁCS et al. 1971, ALEXANDER et al. 1971) c o u l d be 
t a k e n as a m e a s u r e of the less d e v e l o p e d e n d o s p e r m in t h e recess ive o p a q u e - 2 h o m o z y g o t e s . 
T h e t h i c k e r p e r i c a r p t h u s m a y b e a consequence of t h e only p a r t i a l l y deve loped e n d o s p e r m 
in t h e o p a q u e - 2 ke rne l s which c o u l d in t u r n o b v i o u s l y h inder in t h e i r r a t e of m o i s t u r e loss. 
I t m a y b e a d d e d t h a t in a y i e l d t r i a l c o n d u c t e d dur ing t h e y e a r 1972 a t M a r t o n v á s á r 
compr i s ing of v a r i o u s entr ies , t h e n o r m a l a n d o p a q u e - 2 ( N 6 x R 6 1 ) m a i z e h y b r i d s , t h e o n e s in 
q u e s t i o n he re , h a v e shown an a v e r a g e of 73.67 a n d 73.50 days fo r 5 0 % silking, r e s p e c t i v e l y 
(GUPTA—KOVÁCS u n p u b l i s h e d ) . T h e s e d a t a a re a v e r a g e s based on 3 r e p l i c a t i o n s c o n s i s t i n g of 
o b s e r v a t i o n s o n 30 p l a n t s each . T h e r e is h a r d l y , if a n y , d i f ference b e t w e e n t h e two t y p e s , w h i c h 
cou ld in v i e w of t h e a u t h o r s n e e d s t a t i s t i ca l p r o o f of the i r being e q u a l , a t least b a s e d o n t h i s 
t r i a l , in t h e r a t e of t h e i r d e v e l o p m e n t . A similar t e n d e n c y is to be o b s e r v e d in t he d a t a p r e s e n t e d 
b y VÁczi (1972) w h i c h show t h a t e s sen t i a l ly t h e t i m e of silking a n d t a s se l l ing is t h e s a m e in 
( W F 9 X N6) , a n o r m a l single cross , a n d M v S y n A x B , a n opaque v a r i e t a l h y b r i d . On t h e o t h e r 
h a n d these t w o h y b r i d s show 3 0 . 4 % a n d 35 .0% g r a i n mo i s tu r e a t h a r v e s t , r e spec t ive ly , d e m o n -
s t r a t i n g a d i f f e r e n c e of 15.1% t a k i n g t h e n o r m a l a s 100. These d a t a a r e ave rages of t r i a l s con-
d u c t e d a t 7 e x p e r i m e n t a l s t a t i ons i n a n a t i o n a l y ie ld t r i a l . T h u s , if t h e r a t e of d e v e l o p m e n t of t h e 
o p a q u e - 2 a n d n o r m a l maize h y b r i d s is t h e s a m e t i l l f lower ing , b u t t h e d i f fe rence in m a t u r i t y 
fo l lows l a t e r . t h e less d ry m a t t e r p e r c e n t a g e gene ra l ly obse rved in o2 k e r n e l s t h a n in t h e n o r m a l s 
cou ld be e x p l a i n e d as a c o n s e q u e n c e of t he r e d u c e d m o i s t u r e loss d u r i n g m a t u r i t y c a u s e d b y a 
t h i c k e r p e r i c a r p . 
The a b s e n c e of s t o m a t a f r o m t h e ma ize c a r y o p s i s is not a s u r p r i s i n g o b s e r v a t i o n . T h e y 
a r e no t p r e s e n t i n case of w h e a t t o o (STIEBER 1962, 1963). T h e y do , h o w e v e r , a p p e a r in t h e 
ap ica l zone in t h e case of ba r l ey (STIEBER 1963). 
The p r e s e n t s tud ies m a d e o n t h e pe r i ca rp t h i c k n e s s of ke rne l s o b t a i n e d f r o m o p a q u e - 2 
a n d n o r m a l m a i z e h y b r i d s h a v e t h u s s h o w n 36.3 p e r c en t th icker p e r i c a r p for o p a q u e - 2 m a i z e 
t h a n t he n o r m a l . T h e p rocedure d e v e l o p e d in s t u d y i n g t h e per ica rp t h i c k n e s s was t o c u t sec-
t i o n s f r o m p e r i c a r p s t r ips r e m o v e d f r o m soaked k e r n e l s . N o s t o m a t a w e r e obse rved on t h e m a i z e 
ca ryops i s e i t h e r in t h e case of o p a q u e - 2 kernels or in t h e normals . T h e t h i c k e r per ica rp o b s e r v e d 
in opaque -2 k e r n e l s does p rov ide a n a n s w e r to t h e i r cause of h a v i n g r e d u c e d dry m a t t e r pe r -
c e n t a g e and r e l a t i v e l y more m o i s t u r e a t h a r v e s t . 
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T H E H E A T BALANCE O F A L F A L F A AS R E L A T E D T O ITS I R R I G A T I O N W A T E R 
R E Q U I R E M E N T 
To establish i r r iga t ion farming f r o m the agrometeorological point of view, invest igat ions 
have been carried on a t t h e Agrometeorological Research Sta t ion of Szarvas since 1963. The 
soil of t he experimental a rea is%neadow clay. Alfalfa, as a na t ive p lant in the district of Szarvas 
p roved to be an ideal ind ica tor in s tudy ing the op t imum ( O E ) and actual évapot ranspi ra t ion 
(AE) necessary for es tabl ishing the i r r igat ion water r equ i rement ( IWR) , and in measuring these 
componen t s directly or determining t h e m indirectly, b y m e a n s of calculation formulas. 
In the first f ive yea r s of the period between 1963 a n d 1970 the experimental plot m e t 
the requirements of a homogeneous surface necessary for applying the tu rbu len t diffusion 
me thods . Besides the h e a t balance measurements regular observat ions were made of the t em-
pe ra tu re , humidity and wind profile. F r o m these data t he hourly , daily, f ive-day, ten-day and 
m o n t h l y values of t he ac tua l évapotranspira t ion were de te rmined with the Bowen ra t io and 
the MONIN- OBUHOV (1954) tu rbulent diffusion method. T h e th i rd method used for de termin-
ing t h e évapot ranspi ra t ion was an empir ic formula e labora ted by ANTAL (1968) on the basis of 
the investigations a t Szarvas , which m a k e s it possible to calculate évapot ranspi ra t ion f rom 
da t a of the meteorological network. 
Since on the exper imenta l area direct measurements of the actual évapot ranspi ra t ion 
could no t be made, t he h e a t balance of t he active surface, t h e energy coverage of the process of 
evapora t ion was t aken i n t o consideration as a control of t h e results obta ined with var ious 
me thods . 
Direct measuring of the op t imum évapot ranspi ra t ion , or water requirement was car-
ried ou t by means of Thorn thwai t e -Mathe r type evapotranspi rometers . Simultaneously wi th 
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Fig. 1. Changes in the net r ad i a t ion du r ing t h e growing season. (R = n e t r ad ia t ion) 
t h e s e m e a s u r e m e n t s meteorological , phenologica l a n d phenomet r i c obse rva t ions were also 
ca r r i ed ou t which r ende red it possible t o ca lcula te t h e o p t i m u m é v a p o t r a n s p i r a t i o n (OE) f rom 
t h e climatological d a t a . 
F rom the wel l -known hea t ba lance e q u a t i o n of the homogeneous ac t ive su r face : 
t h e componen ts of n e t rad ia t ion (R) were d e t e r m i n e d for each h o u r dur ing the g rowing season 
(Apr i l—Sep tember ) ; shor t wave global- and r e f l ex rad ia t ions were registered, t h e o t h e r (long-
w a v e ) componen t s were calculated f r o m t h e recorded meteorological da t a . F ig . 1 shows the 
n e t rad ia t ion d u r i n g t he growing season for each yea r be tween 1963 and 1967, while Table 1 
p r e s e n t s numerica l d a t a of the componen t s for each m o n t h and on t he average of t he f i ve years. 
H e a t amoun t s d i scharged by the sur face have a nega t ive sign while those t aken in h a v e a posi-
t i v e sign. 
Apar t f r o m the f i rs t exper imenta l year wi th i rregular wea the r condit ions t h e m a x i m u m 
n e t rad ia t ion was a lways recorded in J u n e or J u l y . As compared to t he f ive -yea r -ave rage there 
were abou t 10—15 per cent differences be tween t he individual yea r s in the m o n t h l y values of 
n e t rad ia t ion . Accord ing to our m e a s u r e m e n t s a n d calculations t he net r ad ia t ion of alfalfa 
a m o u n t e d to 50—55 per cent of the global r ad i a t i on while the albedo showed ha rd ly a n y change 
d u r i n g the growing season and i ts va lue ranged be tween 19 and 22 pe r cent (WEINGARTNER1966). 
In Table 1 évapo t r ansp i r a t i on for the c o m p o n e n t of l a t en t h e a t f lux was de t e rmined by 
t h e above men t ioned t u r b u l e n t d i f fus ion m e t h o d . T h e calculat ion was described in de ta i l in an 
ear l ier paper (TÓTH 1966). As it can be seen f r o m the da t a the energy used for évapo t r ansp i r a -
t i o n was 66 per cen t of the net r ad ia t ion on an average while in yea r s with su f f i c i en t water 
s u p p l y (e.g. in 1965) i t amoun ted to even 73 pe r cen t of the ne t rad ia t ion . 
I n the f i r s t two- th i rd s of the growing per iod t h e soil hea t f l u x ex t rac ted h e a t f r o m the 
ac t i ve surface, while b y Augus t the u p w a r d f low of hea t replaced t he energy losses of t he active 
su r face . 
R + L E + H + S = 0 (1) 
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Table 1 
The values of the heat balance components in different months and growing seasons 
Year IV V VI VII VIII IX IV-IX 
Net radiat ion 
1963 5243 8499 7838 9192 5772 4476 41020 (cal) 
1964 4519 7785 8893 7569 6143 3937 38846 
1965 4680 8099 9020 9999 7505 5657 44960 
1966 5834 8013 9749 9571 7335 5616 46119 
1967 5939 8085 9388 9000 7072 4457 43941 
Mean 5243 8096 8978 9066 6765 4829 42977 
Latent hea t f lux 
1963 —4017 —5104 —4796 —4928 —4481 —2693 —26019 (cal) 
1964 
—3791 —4001 —4021 —4210 —5761 —2965 —24749 
1965 —4320 —4980 —7009 —7356 —4825 —4690 —33180 
1966 —3557 —5767 —4974 —5862 —4620 —4114 —28894 
1967 —4398 —6431 —5094 —4245 —4865 —4107 —29140 
Mean —4017 —5257 —5179 —5320 —4910 —3714 —28397 
Sensible hea t f lux 
1963 — 975 —3249 —2646 —4431 —1417 —2060 —14778 (cal) 
1964 — 648 —3419 —4755 —3322 — 528 —1125 —13797 
1965 — 143 —2586 —1634 —2557 —2805 — 985 —10710 
1966 —1736 —2292 —4587 —3532 —2787 —1615 —16549 
1967 —1374 —1294 —3970 —4593 —2330 — 458 —14019 
Mean — 975 —2568 —3518 —3687 —1973 —1249 —13970 
Soil heat f l ux 
1963 — 251 — 146 — 396 167 126 277 223 (cal) 
1964 — 80 — 365 — 117 — 37 146 153 — 300 
1965 — 217 — 533 — 377 — 86 126 18 — 1070 
1966 — 541 46 — 188 — 177 72 112 — 676 
1967 — 167 — 360 — 324 — 162 123 108 — 782 
Mean — 251 — 272 — 280 — 59 118 134 — 610 
The sensible heat f lux was calculated f r o m the heat balance equa t ion (1) as a residual 
te rm. I t s value changed depending on the methods used for determining the évapotranspi ra t ion . 
The average courses of t he hea t balance componen ts in the growing season are i l lus t ra ted 
in Fig. 2 t ak ing into account t he ac tua l évapot ranspi ra t ion de te rmined by the t u r b u l e n t diffu-
sion me thod (par t a) as well as t h a t calculated w i t h the mentioned empirical formula ( p a r t b). 
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Fig. 2. The growing s e a s o n course of t h e h e a t ba lance c o m p o n e n t s 
I n t h e lower p a r t of t h e figure t h e s u m s of the hea t b a l a n c e c o m p o n e n t s a r e expressed as a p e r -
c e n t a g e of the n e t r a d i a t i o n . The v a l u e s of the é v a p o t r a n s p i r a t i o n o b t a i n e d us ing the t u r b u l e n t 
d i f f u s i o n m e t h o d a r e always h i g h e r n o t only for t h e g rowing season b u t — as i t is seen in 
T a b l e 2 — for m o s t of the f i v e - d a y - p e r i o d too. In t h e w h o l e growing s e a s o n th is d i f fe rence w a s 
7 0 m m on an a v e r a g e , h u t in m o r e r a i n y years , m o n t h s o r f i v e - d a y - p e r i o d s i t showed a d e c r e a s -
i n g t endency . 
A c o m p a r i s o n of the m e t h o d s se lec ted for t h e d e t e r m i n a t i o n of t h e a c t u a l é v a p o t r a n s p i -
r a t i o n is d e m o n s t r a t e d on the e x a m p l e of the y e a r 1 9 6 5 ; t he r e su l t s o b t a i n e d wi th t h e h e a t 
b a l a n c e m e t h o d , t u r b u l e n t d i f f u s i o n m e t h o d and e m p i r i c f o rmu la r e s p e c t i v e l y , are p r e s e n t e d 
i n Tab l e 3. 
The f i r s t t w o m e t h o d s g a v e n e a r l y ident ical r e s u l t s for the g r o w i n g season: a b o u t 550 
m m actual é v a p o t r a n s p i r a t i o n c o m p a r e d to the 490 m m obta ined w i t h t h e empiric f o r m u l a . 
C o m p a r i n g t he m e t h o d s on the b a s i s of t h e f i v e - d a y - p e r i o d values fo r t h e growing seasons t o o , 
w e f i n d tha t t h e d i f f e r e n c e be tween t h e resu l t s o b t a i n e d w i t h the e m p i r i c f o r m u l a on one h a n d , 
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Table 2 
Five-day-values of évapotranspiration calculated with the turbulent 
and empiric method respectively 
Time A E , m p . 
April 1 8.7 9.9 —1.2 










5 13.5 10.1 3.4 
6 13.2 11.7 1.5 
May 1 18.2 11.1 7.1 










5 13.0 8.9 4.1 
6 15.4 13.3 2.1 
June 1 17.8 13.7 4.1 










5 14.3 15.3 —1.0 
6 11.9 15.4 —3.5 
Ju ly 1 11.6 12.3 —0.7 










5 16.1 12.0 4.1 
6 17.2 14.4 2.8 
August 1 15.0 12.1 2.9 










5 15.3 9.6 5.7 
6 13.8 9.6 4.2 
Sept. 1 13.5 9.9 3.6 










5 9.1 8.3 0.8 
6 10.0 7.5 2.5 
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Table 3 
Actual évapotranspiration of alfalfa as calculated with various methods 
1965 
M o n t h A E l u r t . A E W . balance A E amj>. 
A p r i l 72 51 54 ( m m ) 
M a y 84 90 82 
J u n e 118 110 97 
J u l y 124 128 109 
A u g u s t 81 95 84 
S e p t . 79 73 68 
Apri l—Sept . 558 547 494 ( m m ) 
Table 4 
Sums of precipitation and irrigation trater requirement 
Year P rec ip i t a t i on 
Irr igat ion w a t e r 
r e q u i r e m e n t Total (mm) 
1963 239 365 604 
1964 186 391 577 
1965 421 106 527 
1966 283 246 529 
1967 282 252 534 
1968 360 306 666 
1969 292 266 558 
1970 375 150 525 
Mean 304 260 564 
a n d those obtained b y t h e turbulent d i f fus ion and hea t balance methods on the other, re la tes 
inverse ly to the m o i s t u r e supply. The difference and th is k ind of relation t o t he moisture supply 
c a n be explained b y t h e following f a c t . The turbulent d i f fus ion method and the heat balance 
m e t h o d are built — as i t is known — on physical (energetical) processes t ak ing place above 
su r f ace , and give t h e a m o u n t of water evapora t ing f rom t h e surface and circulat ing in the a tmos-
p h e r e near the g round , respectively, i rrespective of t he soil layer from which the given a m o u n t 
of w a t e r may have or iginated. At t h e s ame time, the empir ical formula emphasizes the role of 
t h e soil moisture c o n t e n t besides the v a p o u r uptake capac i ty of the air. T h e difference is obvi-
ous ly caused by t h e f a c t tha t in our calculations we do no t take into account the whole soil 
l a y e r f rom which t h e c rop extracts t h e wate r . 
Namely, in o r d e r to be able to e x t e n d the procedure in space and t ime we only took a 1 m 
soil layer into accoun t in our present s tud ies . This will fac i l i ta te our f u r t h e r work, since the soil 
phys ica l characterist ics and the soil mo i s tu re data to th i s dep th are available f rom a number of 
s i t es in the country. However , it is k n o w n tha t this deep-rooted fodder p l a n t can take up water 
e v e n from a t h ree -me te r deep soil l aye r . 
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If in the following simplified e q u a t i o n of t h e wa t e r balance 
P + A W + G W = A E + R O (2) 
(where P = prec ip i ta t ion , A W = changes of w a t e r supp ly in the soil layer , G W = w a t e r t aken 
u p f r o m the g roundwa te r — in the p resen t case f r o m the soil layer below 1 m —, A E == évapo-
t r a n s p i r a t i o n and R O = run -o f f ) we s u b s t i t u t e t h e measured va lues of p rec ip i t a t ion and 
soil w a t e r changes, as well as the va lues of évapo t r ansp i r a t i on ca lcula ted wi th t h e t u r b u l e n t 
d i f fus ion or hea t ba lance me thod , and u n d e r lowland condi t ions neglect the run -o f f , t h e n -— 
t a k i n g as a basis — t h e f ive-year -average 
G W = 65 m m , 
t h a t is, f r o m spring t o a u t u m n wa te r i n t a k e was increased f rom the mois tu re c o n t e n t of t he soil 
layer below 1 m by a b o u t 65 m m . I n d i s t r ic t s wi th more prec ip i ta t ion where t he roo t sys tem 
of t h e crop is not forced to pene t r a t e in to deeper layers to ob ta in w a t e r , f u r t h e r , w i t h all those 
crops whose root sys tems are found in t he u p p e r 1 m layer , th is G W componen t does n o t cause 
any p r o b l e m . 
Thus , if in our p resen t inves t igat ions , no t h a v i n g actual ly measu red the va lues of évapo-
t r a n s p i r a t i o n we accept t he resul ts o b t a i n e d b y t he h e a t balance or t u r b u l e n t d i f fus ion meth -
od as " e t a l o n " d a t a , f u r t h e r , assume t h a t f o r m u l a (2) describes t he wa te r ba lance of the ex-
p e r i m e n t a l area cor rec t ly , t hen the 70 m m difference be tween the va r ious calculat ion m e t h o d s is 
caused by all means by t he mois ture c o n t e n t of t he soil layer below 1 m lef t out of considerat ion. 
Knowing , however , t h a t when measu r ing t he a m o u n t of wa t e r appl ied t h r o u g h i rr igat ion 
s y s t e m s a mis take of ± 2 0 m m can easily be m a d e on one occasion, u n d e r H u n g a r i a n condi t ions 
we cons ider i t su f f ic ien t to reckon wi th a i m soil layer when de te rmin ing the i r r igat ion norm 
a n d p l a n n i n g the wa t e r m a n a g e m e n t , even in t he case of an a l fa l fa crop. Thus , a c tua l évapo-
t r a n s p i r a t i o n in t he per iod of 1963—1970, as well as t h a t be tween 1901 and 1950, in t h e period 
used for de te rmin ing d i s t r i bu t ion in space, were calculated by t he means of ANTAL'S (1968)  
empi r i ca l fo rmula . 
I n Fig. 3 wa t e r need , ac tua l é v a p o t r a n s p i r a t i o n , i r r igat ion w a t e r r e q u i r e m e n t and pre-
c ip i t a t ion dur ing the growing season are shown for t he years 1963—1970. According to our meas-
u r e m e n t s and calculat ions , the i r r igat ion wa te r r equ i remen t of t h e a l fa l fa was 260 m m in the 
ave rage of these eight yea r s — as t he o p t i m u m évapo t r ansp i r a t i on was 690 m m a n d t he ac tua l 
one 430 m m ; and if we t a k e into cons idera t ion t h a t an average of 50 m m irr igat ion wa te r was 
app l ied in t h e growing season on t he expe r imen ta l plot in order t o mode ra t e the di f ference in 
d e v e l o p m e n t be tween t he p l an t s in t he e v a p o t r a n s p i r o m e t e r and t he env i ronmen t , t h e n the irri-
ga t ion wa te r r equ i r emen t of the alfalfa can be de t e rmined as 310 m m in the d is t r ic t of Szarvas. 
Accord ing to inves t iga t ions of KOVÁCS (1968) t h e i r r igat ion wa te r r equ i r emen t of a l fa l fa is 280—  
340 m m in the Trans-Tisza- and D a n u b e — T i s z a Midregion. 
The crop needs more t h a n half of i t s i r r iga t ion water r e q u i r e m e n t (55 per cen t ) in July—-
A u g u s t , a n d 70 per cen t of the i r r igat ing wa te r ough t to be supplied in the J u n e — A u g u s t period. 
The i r r igat ion wa te r r equ i remen t given above — being an ave rage — may r a n g e between 
wide l imi t s . Namely , wa t e r con ten t r e m a i n i n g in t he soil f rom win te r p rec ip i ta t ion , r a i n falling 
in t h e growing season as well as the t r e n d of t e m p e r a t u r e m a y m o d i f y t he a m o u n t of i r r igat ion 
w a t e r requi red to a considerable e x t e n t . 
The t ime to i r r iga te the alfalfa crop is usual ly connected w i t h t he t ime of cu t t i ng , espe-
cially in the case of spr inkl ing i r r igat ion. I n t he H u n g a r i a n pract ice h a y is ha rves t ed t h r ee or four 
t imes a year , and i r r iga t ion is appl ied subsequen t ly i r respect ive of t he wea the r condi t ions. 
A f t e r t he f i r s t and f o u r t h cu t t i ng t he a m o u n t of i r r igat ion wa te r is less t h a n when supplied in 
t he midd le of the growing season, wi th w a t e r reserves usual ly ex is t ing in the soil a t t h e begin-
n ing of t he season, and mid - summer peaks of wa t e r consumpt ion shown in Fig. 3 t a k e n in con-
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Fig. 3. The o p t i m u m évapo t r ansp i r a t i on (OE), ac tua l évapo t r ansp i r a t i on (AE), i r r iga t ion 
w a t e r requi rement ( I W R ) and p rec ip i t a t ion (P) in the growing season, on the average of the 
y e a r s 1963—1970 
s ide ra t ion . Thus, on o u r exper imenta l a rea the 310 m m wate r can be d is t r ibuted over t h e 
occas ions of cut t ing in t h e following w a y : a f t e r the f i r s t c u t t i n g 70, a f t e r t he second 90, a f t e r 
t h e t h i r d 90 and a f t e r t he fou r th c u t t i n g 60 m m irr igat ion wa te r should be applied. 
The water need of alfalfa in t he cu t t i ngs f rom Apri l to Sep tember 1965 is shown by the 
s a w - c u r v e of Fig. 4. T h e o p t i m u m é v a p o t r a n s p i r a t i o n accumula t ed f r o m the f ive-day va lues 
inc reased in each successive cut t ing, b u t in the last th ree f ive -day periods of t he growing season 
(Apr i l—September ) fo l lowing the f o u r t h cu t t ing wa te r consumpt ion a m o u n t e d to only 60 
pe r c e n t of t h a t in t h e th ree f ive -day-per iods following t h e th i rd cu t t ing . 
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1.1V. First c u t t i n g S e c o n d c u t t i n g Third cutt ing F o u r t h cu t t i ng 30.IX. 
Fig. 4. Accumula ted a m o u n t s of wa te r r equ i rement per c u t t i n g 
Fig. 5. I r r iga t ion wa te r r equ i r emen t of alfalfa in H u n g a r y (1901—1950), (Apr i l—September 
The a m o u n t of prec ip i ta t ion a n d the ca lcula ted irr igat ion wa te r r equ i remen t in each 
growing season exceeded 500 m m accord ing to the d a t a in Table 4. Otherwise , as i t is f ound in 
t h e agr icul tural l i t e ra tu re (KOVÁCS 1966) this a m o u n t of wa te r ensures high yields of h a y . 
Wi th an o p t i m u m water supp ly t he average yield of alfalfa h a y was 157 q /ha , a consider-
able yield increase compared to t h e yield of abou t 35 q /ha ob ta ined w i t h o u t i r r igat ion. To pro-
duce 1 kg dry m a t t e r the alfalfa as a crop of high wa te r need used 496 kg of wa t e r according t o 
ou r measu remen t s . 
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T h e d is t r ibu t ion of t h e i r r igat ion w a t e r r equ i r emen t for lucerne can he seen in Fig. 5. 
F i f ty -yea r -ave rages (1901—1950) of cl imatological da t a f r o m 54 meteorological s t a t ions were 
used for t h e calculations (POSZA—TÓTH, 1969). According to t he cl imatological d a t a t h e irr iga-
t ion wa te r r equ i r emen t of a l f a l fa ranges b e t w e e n 0 and 300 m m in H u n g a r y in t he ave rage of 
this long per iod . We can neglec t the fa r west p a r t of H u n g a r y where t he a m o u n t of t he year ly 
i r r igat ion w a t e r is less t h a n 100 m m . The n o r m of t he irr igat ion wa te r is a t least 300 m m or more 
in t he Grea t - and Lit t le P l a i n ( the centra l a n d nor th -wes te rn p a r t of H u n g a r y ) . W e h a v e to 
reckon w i t h abou t 150 m m w a t e r defici t even in t he more r a iny T r a n s d a n u b i a . 
T h e resul ts of the agrometeorologica l inves t iga t ions descr ibed in th is pape r p rov ide 
in fo rma t ion for p lanning n e w ir r igat ion sys tems , wa te r m a n a g e m e n t , as well as for t he ex ten -
sion of i r r iga ted fodder p r o d u c t i o n — a ques t ion of the day . B e y o n d this , the m e t h o d s elabo-
ra t ed du r ing t h e inves t iga t ions are sui table fo r p rov id ing concrete i r r iga t ion project ions , if there 
is a meteorological s t a t ion ope ra t ing in t h e v ic in i ty of the given area , and t he ini t ia l wa t e r 
con ten t a n d t he most i m p o r t a n t physical charac ter i s t ics of the soil are k n o w n a t the beg inn ing 
of the growing season (field capac i ty , wil t ing po in t , vo lume weight) . Thus , for the agr icu l tu ra l 
pract ice, we have ex tended t h e resul ts of t h e agrometeorological inves t iga t ions beyond t he 
basis of t h e i r r igat ion n o r m s to forecas t the t i m e a n d a m o u n t of i r r iga t ion . For some y e a r s we 
have been giving advice r egu la r ly concerning t h e i r r igat ion of th ree or fou r crops of some large-
scale f a r m s . According to t h e crop yields ob ta ined on these f a r m s , t h e i r r igat ion carr ied o u t a t 
proper t i m e s wi th suff ic ient a m o u n t of w a t e r resul ted in high yields every year . 
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A D V A N C E S I N T H E C O N S T R U C T I O N O F M O D E R N E L E C T R O N M I C R O S C O P E S 
T h e presen t paper r ep roduces the s u b s t a n t i a l con ten t s of a lec ture held a t the Sympo-
sium for E lec t ron Microscopy in December , 1972 in the house of t he H u n g a r i a n A c a d e m y of 
Sciences. 
B u s c h in 1926 p roved theoret ical ly t h a t a ro t a t iona l - symmet r i ca l magne t ic or electric 
field exe r t s a real lens e f fec t on electron rays . A t t h a t t ime nobody guessed t h a t t he basis of 
electron microscopy h a d b e e n crea ted b y th i s discovery. I t was a long way f r o m the air-core 
coil of ex t rao rd ina r i ly long foca l dis tances energized by a cur ren t f low to the magne t i c pole-
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shoe lens i n t roduc ing the epoch of e lec t ron microscopy b y its short foca l l eng th of a f ew milli-
me te r s . 
The f i r s t commercia l m a g n e t i c electron microscope , named " Ü b e r m i c r o s c o p e " ( S u p e r -
microscope) was p roduced in 1937/38 b y Siemens. T h e f i r s t e lect ros ta t ic Supermicroscope was 
delivered 2—3 y e a r s la ter by the A E G Research I n s t i t u t e . Both these bas i c types of t h e i n s t r u -
m e n t were c o n s t r u c t e d and c rea ted t h e s tar t ing p o i n t of the rapid d e v e l o p m e n t , in t h e y e a r s 
a f t e r the war. T h e resolut ion of t h e e lec t ron microscope u p to the p re sen t t i m e is not d e t e r m i n e d 
b y t he wave length of the electron r a y s , b u t exclusively b y the pro jec t ion fai lures of t he e l ec t ron 
lenses. The two m o s t significant of t h e s e are the c h r o m a t i c and the spher ica l faults . T h e e f f ec t 
of t he chromat ic f a u l t is t ha t t h e e lec t rons with d i f f e r e n t speeds are n o t focussed in t h e s a m e 
p o i n t ; so this f a u l t demands u n i f o r m electron energy fo r i t s correct ion. T h e effect of t h e ape r -
t u r e faul t is t h a t t h e rays coming i n t o the lens f r o m a n objec t point in a greater angu l a r inci-
dence relat ive t o t h e optical axis s u f f e r a greater d i f f r a c t i o n t han t h o s e w i t h a lower a n g u l a r 
incidence. For keep ing this fau l t w i t h i n tolerable l i m i t s t he electron l enses may he e x e c u t e d to 
process the r ays close to the axis, i .e. t h e paraxial r a y s . T h e spherical f a u l t practically could n o t 
be corrected u p t o now, so it is t h e o n e which de te rmines t he limit va lue of t he resolution. W i t h 
t h e magnet ic ob jec t ives this t heo re t i ca l l imit lies a t a b o u t 2 A, whereas i n t h e case of t he e lect ro-
s t a t i c object ives t h e aper ture f a u l t is higher by an o r d e r of magn i tude a n d the limit r e so lu t ion 
capac i ty a m o u n t s t o about 10 Â . 
The f i r s t genera t ion e lec t ron microscopes were still fa r f rom t h e s e theoretical r e so lu t ion 
l imi ts . The s y m m e t r y errors in t h e ro ta t iona l s y m m e t r i c a l object ive f i e lds produced a n o t h e r 
f a u l t , namely a s t i gma t i sm . An a s t i g m a t i c lens p e r m i t s no perfect i m a g e sharpness, as i t s focal 
d i s t a n c e s in b o t h no rma l planes a r e n o t accurate ly equa l . This d i f f i cu l ty was only o v e r c o m e 
du r ing the f i f t i es , w i t h the i n t r o d u c t i o n of the s t i g m a t o r s , whose f u n c t i o n is to compensa te t he 
r o t a t i o n - u n s y m m e t r i c pa r t of t h e ob jec t ive field w i t h t h e help of an e lec t ron-opt ica l l ens t h e 
i n t e n s i t y and d i rec t ion of which c a n be external ly a d j u s t e d . 
The t r ans i l lumina t ion microscopes of bo th b a s i c conceptions, i .e . b o t h the e l ec t ros t a t i c 
a n d the e lec t romagne t ic types, h a v e been developed f u r t h e r . A d v a n t a g e s and d i s advan t ages 
could be referred t o in the case of b o t h types. Di f f i cu l t i e s with the m a g n e t i c type a p p a r a t u s e s 
arose due to t he s epa ra t e stabil izing of the high vo l t age and the lens c u r r e n t s . The e l ec t ros t a t i c 
t y p e i n s t rumen t s a long with t he i r h igher spherical e r ro rs had the a d v a n t a g e of the i r s imple r 
cons t ruct ion a n d f a r lower d e m a n d s fo r high vol tage s tabi l izat ion a n d t h e s e were reasons in t h e 
f a v o u r of these t y p e s . 
The decision between these i n s t r u m e n t t y p e s h a s been in f luenced by the e n o r m o u s l y 
developing e lect ronics . The d e v e l o p m e n t of t he e lec t ron ic cons t ruc t ion uni t s and c i r c u i t r y 
technics fac i l i t a ted t he cons t ruc t ion of highly s t ab l e Current- and v o l t a g e supplies m o r e a n d 
more , whereby t h e electron-opt ical advan tages of t h e magnet ic o b j e c t i v e s could be exp lo i t ed 
even fu r the r . 
In due course a new t y p e of t h e i n s t rumen t a p p e a r e d : the m a g n e t i c high p e r f o r m a n c e 
microscope. I t is well just if ied t o r e g a r d the S I E M E N S - E l m i s k o p I as t h e f i rs t i n s t r u m e n t of 
t h i s class. I t doubt less ly inf luenced t he later microscope cons t ruc t ions in a decisive m a n n e r . 
I t s e lectron-opt ical construct ion consis t ing of a t w o - s t a g e condenser , a n objective, a n in t e r -
med ia te lens a n d a projector lens b e c a m e pract ical ly t h e s t andard . T h e n o v e l t y in this c o n s t r u c -
t ion was the d o u b l e condenser. 
For t he h ighes t magn i f i ca t ions the object n e e d s very high e l ec t ron current dens i t i e s in 
order to a t t a i n a well visible sc reen image. On t h e o t h e r hand t he i r r ad i a t i on energy o n t h e 
ob jec t must be as low as possible t o avoid image d i s tu rbances due t o upcharg ing a n d o b j e c t 
damages . The on ly way of mee t ing b o t h requ i rements is to limit a h i g h cur ren t dens i ty ove r a 
v e r y limited a rea of the object . T h i s is done by t h e doub le condenser . 
U n f o r t u n a t e l y the double condenser of t he i n s t r u m e n t E l m i s k p I could not be u t i l i zed 
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fully during the f i r s t period, because with the r educ t ion of the object i r radiat ion the i r rad ia ted 
object area became more and more contaminated b y the a tmosphere of the residual gases, 
heavily impai r ing the high resolut ion. 
Only in a b o u t 1960 could t h e condensable hydrocarbons of t h e residual gaseous a tmos-
phere be bound by the in t roduct ion of object room cooling, i.e. a cooling t rap erected in the 
surroundings of t he object. This ob jec t room cooling permit ted the ut i l izat ion of reduced irra-
diation in order to improve the resolut ion by the double condenser. 
I n s t r u m e n t s of ever higher capaci ty have been p u t to the disposal of research in t h e fields 
of solid s ta te physics , chemistry, medicine and biology. Prepara t ion technics have developed 
a t the same r a t e giving new i m p a c t to the cons t ruc t ion of the microscopes in return. T h e devel-
opment of t h e u l t ramicrotomes in t he middle f i f t i e s extended the f ie ld of application of the 
electron microscope very great ly. W i t h the appea rance of this p r e p a r a t i o n process immense 
advances were a t t a ined in the va r ious research f ields of biology and medic ine , the grea tes t f ields 
of application of electron microscopy today. In t issue sections the a t t a i n a b l e resolution is l imi ted 
by the excision itself and the con t ras t ing processes t o abou t 20 Â. There fo re it was obvious t h a t 
f i rs t of all a microscope of as easy handling as possible had to be developed for this f ie ld of 
application. These "medium class i n s t rumen t s " h a v e today a reso lu t ion of about 8—10 Â. 
The d e m a n d s of solid s t a t e physicists, especially the meta l lurgis ts are f u n d a m e n t a l l y 
different . They w a n t f irst of all h igh acceleration vo l tages so as to be able to carry out real inves-
tigations of t he s t ruc tura l condi t ions in thicknesses of about 1 fim of t h e work materials . Af t e r 
t he pioneering works of Dupouy in Toulouse Super-vol tage electron microscopes with accelera-
t ion voltages ad jus t ab le between 0.5—3 Mio Y were developed in J a p a n , the United K i n g d o m 
and the USA. Such an in s t rumen t needs a special hal l . The high vo l t age supply is a r r anged in 
a pressure vessel above the co lumn of the microscope. The image is observed through 20—50 
cm thick lead-glass windows. 
The electron microscopes m a y be grouped t o d a y as follows: 
Reso lu t i on kV 
1. Small i n s t r u m e n t s > 30 Â 30—50 
2. Medium class ins t ruments s a l « A ^ 6 0 
3. High capaci ty ins t ruments < 5 A 20—120 
4. Supervoltage ins t ruments > 500 
After th is shor t survey let us examine the development t r ends of the last years on the 
example of two special ins t ruments , a medium class and a high capaci ty ins t rument of t h e f i rm 
OPTON Fe in techn ik , Vienna. 
The medium class instruments of the type EM 9 
Up to a b o u t ten years ago t h e electron microscope was an i n s t r u m e n t whose hand l ing 
necessitated a specialist. With regard to the high impor t ance of electron microscopy in wide f ie lds 
of the na tura l sciences and technics t he electron microscope became ever more a natura l inven-
tory of the scientif ic laboratories. Consequently an ins t rument t ha t could be operated easily, 
not only by the research workers of all the professional fields, but also b y the auxiliary s t a f f , 
ensuring good resul ts was needed. 
An i n s t r u m e n t operator w i t h no expert technica l and physical educat ion generally h a d 
problems with 
1. the safe handl ing of the h igh vacuum p u m p systems, 
2. the a d j u s t m e n t and opera t ion of the microscope, 
3. the replacement of the ob j ec t with the risk of erroneous opera t ion , 
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4. the exposure uni t wh ich h a d been as p r imi t i ve in all t h e microscopes, as t h e f i rs t 
pho to -cameras wi th t h e manual ly o p e r a t e d objective c o v e r i n g caps. The r e s u l t s of 
t he work were endange red j u s t by these exposit ioning dev ices , even in t h e case of 
exper ienced electron microscope opera tors , as the shots of t h e most b e a u t i f u l l y ad-
ju s t ed objec ts o f ten p r o v e d to have been n o t optimally i r r a d i a t e d . 
Fig. 1. Medium class electron microscope type E M 9 S-2 
The t y p e EM 9 went fa r in e l iminat ing these diff icul t ies . Fig. 1 shows the general v i ew 
of t he i n s t r u m e n t . EM 9 is a c o m p a c t i n s t rumen t w i t h all its cons t ruc t iona l groups i n t e g r a t e d 
in it . The low n u m b e r of the cont ro l e lements is r e m a r k a b l e . The swi tch a n d a d j u s t m e n t con-
trols are a r ranged on t he f r o n t p l a t e of t h e i n s t rumen t . T h e few control k n o b s for opera t ing t h e 
i n s t r u m e n t in r u n n i n g condi t ion are f o u n d in close assembly on the t a b l e surface to t h e r i g h t 
and lef t of t he column. 
Switching on is tr ivial . The m a i n switch is swi tched on and it p u s h e s down the c o m m a n d 
key " H i g h v a c u u m " . Eve ry th ing else is per formed b y t h e pumping a u t o m a t i c s . 
The p u m p sys tem consist ing of a pressure cont ro l led valveblock, a n oil diffusion p u m p 
and a fo re -vacuum p u m p is r un s tepwise to the high v a c u u m p u m p pos i t ion . When the m i n i m u m 
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Fig. 2. Sec t ion t h r o u g h the c o l u m n of the i n s t r u m e n t EM 9 S-2 w i t h r ay p a t h s (2 - s t age , 
3 - s t a g e , f ine r a n g e def lec t ion) 
o p e r a t i o n a l v a c u u m is a t t a ined , t h i s condi t ion is i n d i c a t e d on t he c o n t r o l desk. H i g h v a c u u m 
a n d ca thode h e a t i n g can be s w i t c h e d on only n o w . 
The a i r i n g v a l v e of t he c o l u m n is also secured i n a way t h a t i t c a n only be o p e n e d , if t h e 
h i g h v a c u u m v a l v e be tween t h e c o l u m n and the d i f f u s i o n p u m p is c l o s e d . 
If an i n c o r r e c t c o m m a n d is g i v e n it is n o t c a r r i e d ou t by t h e a u t o m a t i c s , so t h i s p u m p -
s t a t i o n is a b s o l u t e l y foolproof , e n s u r e d agains t e r r o n o u s hand l ing . 
Fig. 2 s h o w s a section of t h e c o l u m n wi th t h e poss ib le r ay p a t h s . T h e co lumn c o n s i s t s of 
t h e rad ia t ion s o u r c e , the c o n d e n s e r , t h e ob jec t ive , t h e i n t e r m e d i a t e l ens and t he p r o j e c t o r . 
The r a d i a t i o n source is m e c h a n i c a l l y f i xed o n t h e column. T h e e l ec t ron r ay r a d i a t e d b y 
t h e source is l ed t o t he opt ical a x i s of t he o b j e c t i v e b y an e l e c t r o m a g n e t i c a d j u s t m e n t s y s t e m 
sweeping t h e b e a m in two p lanes . T h e axes of b o t h t h e condenser a n d t h e i n t e r m e d i a t e l ens c a n 
b e made t o c o i n c i d e wi th the a x i s of t h e ob jec t ive b y s imple s h i f t i n g . T h e s e l e n s - a d j u s t m e n t s , 
if carried o u t o n c e , r emain u n a l t e r e d fo r a long t i m e . T h e ob jec t ive is supp l i ed w i th a n e lec t r i -
ca l ly cen t rab le s t i g m a t o r for t h e c o r r e c t i o n of a n y a s t i g m a t i s m . I n t h e r e a r focal p l a n e of t h e 
ob jec t ive t h e r e is a n objec t ive a p e r t u r e d i a p h r a g m . T h r e e d i a p h r a g m s of seven bores e a c h , of 
va r ious d i a m e t e r s m a y be e x c h a n g e d under v a c u u m . 
The a d j u s t m e n t s in t he r o u t i n e - l i k e o p e r a t i o n of t h e mic roscope a re l imited to t h e b e a m 
a d j u s t m e n t a n d t h e c o m p e n s a t i o n of the a s t i g m a t i s m . 
M a g n i f i c a t i o n s can be a d j u s t e d con t inuous ly , w i t h o u t r e c o r d i n g b e t w e e n 900—60 ,000 x . 
Smal l m a g n i f i c a t i o n s up to 5 ,000 X a r e p roduced in t w o stages, i.e. t h e ob j ec t i ve a n d t h e i n t e r -
m e d i a t e lens t o g e t h e r fo rm t h e f i r s t p ro jec t ion s t a g e . T h e real i n t e r m e d i a t e image t h r o u g h t h e 
p ro j ec to r is p r o j e c t e d on t he f i n a l l igh t ing screen in a f u r t h e r m a g n i f i c a t i o n by t h e p r o j e c t o r . 
Magn i f i ca t ions o v e r 5,000 X a r e p r o j e c t e d in t h r e e s t a g e s , creat ing t w o r e a l i n t e r m e d i a t e i m a g e s . 
T h e m a g n i f i c a t i o n selector s w i t c h p e r m i t s the f a s t a d j u s t m e n t of f i v e s t a b l e , c a l i b r a t e d m a g n i -
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Fig. 3. Yolk grains, B las tu la , L imnaea s tagnal i s L., p rep , by : Drs. J . G. Bluemink, Zool 
Ins t . U t r e c h t Univers i ty . 72,000 X 
f i ca t ion s tages, fac i l i ta t ing the routine-l ike works . When t he magnif ica t ions are changed, the 
image cen t r e stays u n a l t e r e d . Also a s u r v e y i n g magnif ica t ion of about 150 X is available. 
T h e objects are rep laced by an abso lu t e ly operat ion-safe eccentric rod-sluice. The ob jec t 
rod is in t roduced into t h e sluice, is r o t a t e d in a bar link gu ide and pushed i n to t h e in s t rumen t , 
where t h e object holder sea ted on the rod p o i n t is decoupled a n d led onto t he ob j ec t table. T h e 
sluicing t i m e is less t h a n 10 seconds. The sh i f t i ng of the ob j ec t in two di rec t ions perpendicular 
to e a c h o t h e r is pe r fo rmed by two easily accessible dr ives; t h e table posi t ion is indicated b y 
n u m b e r s . 
T h e shooting e q u i p m e n t of the i n s t r u m e n t EM 9 has been unsurpassed for the last 10 
years . I t consists of a motor ica l ly dr iven p l a n e f i lm exchanger w i t h a l ight-opt ical f i lm-number -
ing dev ice and the i r r ad i a t i on au tomat ics control l ing an e lec t romagnet ic lock u n d e r the pro-
jec to r . 
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Fig. 4. Tobacco-mosaic-virus , obliquely s t eamed by W 0 3 , p r ep , by : Max P l a n c k Inst , for 
Virus Research , Tüb ingen . 91,000 X 
The electron cu r ren t dens i ty is con t inuous ly measured in t he image cen t re b y the irra-
d ia t ion au tomat ics . A n electrically i so la ted cen t ra l area of t h e f luorescent screen serves as 
e lec t ron capture . This e lect ron cur ren t is measu red through an ampl i f ie r and the measu red value 
is t r ans fe r red in to a s torage. Ano the r c o m p o n e n t of the a u t o m a t i c s is the t imer . F o r one shot 
t h e f luorescent screen is f l apped up . A t t h e s t a r t of the screen mot ion the lock s h u t s and the 
s torage , which is isolated f r o m the ampl i f ier , s tores the last measu red i r radia t ion value . If the 
f luorescen t screen is in its u p p e r end posi t ion, t he lock opens a n d the i r radia t ion per iod s tar ts . 
S imul taneous ly , t he s torage, essentially a condenser , is connec ted to the t imer . T h e t imer con-
ve r t s the s tored value in to a t ime va lue and ends the i r r ad ia t ion period by s h u t t i n g the lock. 
T h e end of t he i r rad ia t ion period is opt ical ly indica ted . Now t h e f luorescent screen m a y be shut 
again . If the screen has r e t u r n e d to i t s res t ing position, t he lock opens and t h e observable 
e lectron image becomes visible again. 
The au toma t i c p lane f i lm exchanger t r ans fe r s the n e x t p lane fi lm casse t te — ready for 
shoot ing , — wi th in 6 seconds unde r t he f luorescent screen. D u r i n g the shoot ing a five-digit 
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Fig. 5. Cotton l inters , P la t inum-carbon surface impression, prep, by Dr. Hunger , Inst , for 
cellulose-chemistry, D a r m s t a d t Technical College. 12,000 X 
n u m b e r is marked as sho t -number on the negative to avoid any accidental interchanges of t he 
negat ives . 
Natural ly the i r radia t ion au tomat ics can be a d a p t e d to the sensitivity of the actual ly 
used fi lms. The possible irradiat ion t imes va ry between 0.1—60 seconds. 
This detailed descript ion of the med ium class i n s t r u m e n t is intended to show t h a t by the 
development of EM 9 a new level of the electron microscope has been created. The type EM 9 
had been improved fou r t imes during the last ten years, in a way tha t all the new improvements 
could be built into t h e older ins t ruments subsequently as well. This principle permits the user 
to a d a p t his i n s t rumen t to the most up- to -da te level of technica l advance the reby a t ta in ing a 
h igh stabil i ty of his i n s t rumen t ' s value. A few examples of t he application of this 60 kV medium 
class electron microscope will prove its performing capabil i t ies (Figs 3, 4, 5 and 6). 
The high capacity microscope EM 10 
The guaranteed resolution of the modern high capaci ty ins t ruments amoun t ing to 3—5 Â 
is so close to the theore t ica l limit t h a t f u r t h e r improvement in this respect wi thou t the lens 
correction of the apera ture - and colour errors can hardly be imagined. A worthwhile development 
of a high capacity i n s t r u m e n t would have to stress mainly technical improvements of the oper-
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Fig. 6. Po lye thy lene , crysta l l ized f rom a 0 .01% Xylol-solut ion. These c rys t a l s are extra-
ordinar i ly sensit ive and are destroyed by e lec t ron i r radia t ion . The involved def lec t ion dia-
gram a n d t he in ter ferences in the crys ta l show t h a t no r ad i a t i on damage h a s ocurred yet . 
19,000 X 
at ional s a fe ty , the ex tens ion of the possibil i t ies of appl ica t ion a n d the f u r t h e r s implif icat ion 
of h a n d l i n g the i n s t r u m e n t . T h e same gu id ing principles fo rmed t he basis for t h e deve lopment 
of the m e d i u m class i n s t r u m e n t EM 9 and h a v e been followed consis tent ly in t h e c rea t ion of the 
new h igh capac i ty microscope EM 10. The r e q u i r e m e n t s set before the d e v e l o p m e n t of EM 10 
were as fol lows: 
T h e ins ta l la t ion d e m a n d s of a high c a p a c i t y i n s t rumen t are very low: if no closed cooling 
water c i rcu la t ion is employed , then cooling w a t e r and a one-phase , 220 V, 25 A s u p p l y is neces-
sary . T h e requi red area for t he whole a p p a r a t u s is 3 mz . 
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Fig. 7. H i g h capac i ty e lectron microscope t y p e E M 10 
The v ib ra t i on sensi t ivi ty of the i n s t r u m e n t is greatly r e d u c e d by the swinging me ta l 
bearing of t he column. 
The gua ran teed point r e so lu t ion is 3,5 Â. T h e acceleration v o l t a g e can be a d j u s t e d be-
tween 40—100 kV in 4 s tages. 
The magnif ica t ion is i n d e p e n d e n t of t he accelerat ion vo l tage a n d its range e x t e n d s to 
100 X—20,000 X . 
Grea t care has been d e v o t e d to the possibil i ty of the object man ipu l a t i ons to p e r m i t the 
nser the pe r fo rmance of special invest igat ions w i t h o u t the need of recons t ruc t ing t h e ob jec t 
chamber . 
The h igh efficiency of t h e i n s t r u m e n t d e m a n d e d an efficient aux i l i a ry sharpness a d j u s t -
m e n t aid a n d an au tomat ic p h o t o g r a p h i c a p p a r a t u s . 
F u r t h e r requi rements were t h e safe and f a s t assuming of w o r k i n g capacity a f t e r clean-
ing the lenses. A self-protection of t h e in s t rumen t aga ins t erroneous cond i t ions has been a t t a i n e d 
to 100 per cen t by au tomiz ing t h e most i m p o r t a n t processes. T h e po le shoes of all t h e lenses 
are p ro tec t ed by easily r e m o v a b l e cleaning t u b e s in a way t h a t t h e d ismount ing of t h e pole 
shoes is no t necessary for c leaning. Th i s is an i m p o r t a n t point, whe reby in practical o p e r a t i o n the 
work of a d j u s t m e n t is reduced t o a min imum, or even el iminated. 
A m o d e r n ins t rument is n a t u r a l l y fully t rans is tor ized and fo r r ea sons of min i a tu r i za t i on 
and opera t iona l safety is suppl ied w i t h through-going integrated c i r cu i t s . Radia t ion p ro t ec t i on 
meet ing t h e specifications of t h e r ecommenda t ions of E u r a t o m is a lso a natural d e m a n d . 
Fig. 7 shows the i n s t r u m e n t developed o n these lines. The c lea r divisioning of t h e con-
4* Acta Agronomica Academiae Scientiarum Hungaricae 22, 1973 
Fig. 8. Section t h r o u g h the co lumn of the i n s t r u m e n t E M 10 (1. c a t h o d e , 2. anode, 3. d o u b l e 
condenser , 4. K 2 - s t igmato r , 5. b e a m sweep sys tem, 6. object-sluice, 7. c o n t r a s t lens s top , 8. 
object ive , 9. f i n a l r ange value, 10. d o u b l e projector , 11. exposure s h u t t e r , 12. zero-sphaler i te , 
13. f luorescent screen, 14. p l a t e - camera , 15. 70 m m roll f i lm camera , 16. beam a d j u s t m e n t 
sy s t em, 17. l igh t ing aper ture s top of d iaphragm, 18. o b j e c t cartridge, 19. ob jec t ive - s t igmato r 
20. P j - s t igma to r , 21. 35 mm m i n i c a m e r a and de f l ec t ion appara tus , 22. roen tgenomete r t u b e ) 
VARIA 
t ro i s facil i tates t h e opera t ion of t h e i n s t r u m e n t . F o u r con t ro l desks serve f o r t he a r rangement of 
all the electrical con t ro l elements. T h e two desks u n d e r t h e table p la te c o n t a i n all the electr ical 
a d j u s t m e n t con t ro l s . 
The e l emen t s required for t h e routine-l ike o p e r a t i o n are a r r anged o n the two desk sur -
faces set on t he t a b l e p la te . The k n o b s opera ted f r e q u e n t l y , as the m a g n i f i c a t i o n selector swi t ch , 
t h e image b r igh tness control, the s h a r p n e s s a d j u s t m e n t control , the p u m p control and t he p h o -
t o g r a p h y ins ta l l a t ion are posi t ioned i n an easily accessible way in the d i r ec t ion of the c o l u m n . 
The c o l u m n , isolated aga ins t v ib ra t ion , is bu i l t u p rigidly on t h e suppor t ing base. T h e 
mechanica l con t ro l elements on t h e co lumn are r educed to a min imum. T h e y consist of t h r e e 
mu l t i - d i aph ragm dr ives , arranged in sh i f t s to avoid confus ion and of t h e o b j e c t eluice. 
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Fig. 8 shows a section th rough t h e column, p r e sen t ing the mechan ica l ly f ixed c a t h o d e 
k n o b , a hysteres is-f ree beam a d j u s t m e n t sys tem and t w o identically c o n s t r u c t e d double-lens 
sy s t ems , ful ly a d a p t a b l e to the ob jec t ive , employed as double condensers in t he i r rad ia t ion 
s y s t e m and as double projectors in t h e image project ion sys tem. Between t h e double condenser 
a n d t he object ive t h e r e is an object sluice a n d a m a g n e t i c beam sweep s y s t e m arranged. W i t h 
t h e help of th i s sweep system the d i rec t ion of the i r r ad ia t ion can be s w e p t over the observed 
a rea of t he objec t , e.g. fo r dark field microscopy. The m a x i m u m tilting angle is ± 2 ° a t 100 kV. 
The a s t igma t i c correctures of t h e i r radia t ion , t h e image pro jec t ion a n d the def lec t ion 
(see example of a def lec t ion diagram in F ig . 6) are cared fo r b y three e lec t romagne t i c s t i gma to r s 
a r r a n g e d in condenser No. 2, in the o b j e c t i v e and in p r o j e c t o r No. 1. 
Below the f luorescent screen a motor ica l ly d r i ven p la te camera, w h i c h can be isola ted 
f r o m the microscope column by a va lve , permi ts t h e connect ion of f u r t h e r addi t ions by t h e 
th rough-bor ing f o u n d in the lower p a r t of the pla te c a m e r a , e.g. a 70 m m coil f i lm camera , or 
TV-appa ra tu se s w i t h and wi thout i m a g e amplif iers. 
The detai led opera t ion of the doub le condenser a n d the beam sweep s y s t e m is as fol lows. 
Fig . 9 shows in i ts l e f t detail drawing t h e principle of t h e double condenser . T h e smallest b e a m 
sect ion of the r a d i a t i o n source is g r e a t l y minified b y t h e condenser No. 1. Th i s reduced image 
c a n be p ro jec ted b y t h e condenser No . 2 in the ob jec t p lane . In this w a y v e r y limited p a r t s of 
t h e ob jec t , u p to a b o u t diam. 0.7 / im, c a n be i r rad ia ted fo r a t ta ining a h i g h resolut ion. 
The two cen t ra l pa r t s in Fig. 9 show two processes for dark f ie ld f o r m a t i o n . The f i r s t 
process is ope ra ted w i t h a d i sad jus ted a p e r t u r e d i a p h r a g m . In the rear foca l p lane of the ob jec -
t i v e t h e d i a p h r a g m lets the u n s c a t t e r e d electrons pass t h rough its bore — wi th br ight f ie ld 
i l lumina t ion —, whereas the sca t t e r ed electrons m a y be captured u n d e r a greater a n g u l a r 
incidence. If the a p e r t u r e of the d i a p h r a g m is sh i f ted fo r covering t he p r i m a r y beam, t h e n a 
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da rk f ield p i c t u r e is ob t a ined , p roduced by the e lec t rons sca t t e r ed o v e r the object a n d en te r ing 
t h r o u g h the bo re of the d i a p h r a g m . A d i s a d v a n t a g e of this m e t h o d is t h a t the r a y p a t h is no t 
pa rax ia l a n d t h e r e b y f a u l t s a r e produced in t h e p ic tu re . 
This d i s a d v a n t a g e is a v o i d e d by the second me thod of d a r k f ield pro jec t ion b y t i l t ing 
t h e i r r ad ia t ion e q u i p m e n t . T h i s b e a m sweep s y s t e m permi t s t h e a d j u s t m e n t of t he d i rec t ion of 
incidence in a w a y t h a t t h e p r i m a r y beam is c a p t u r e d by the c e n t r e d d iaphragm. T h e e lec t rons 
sca t te red in t h e axia l d i rec t ion of the objec t ive s u p p l y a highly r e s o l v e d dark f ield p i c t u r e pro-
duced b y t h e pa rax ia l b e a m . 
A f u r t h e r use of t he b e a m sweep sys tem is as an eff icient m e a n s of sharpness a d j u s t m e n t . 
For this p u r p o s e (see the d r a w i n g on the r igh t of F ig . 9) the d e f l e c t i o n systems are supp l i ed by 
a low f r e q u e n c y square w a v e v o l t a g e , with t h e j u m p l i k e change of t h e direction of i r r a d i a t i o n . 
B o t h d i rec t ions a re invo lved he re , f rom which t h e f ina l p ic tu re is i r rad ia ted . If t h e focuss ing 
p lane of t he ob jec t ive does n o t coincide with t h e o b j e c t plane, t h e n t h e picture is s h i f t e d wi th 
t he f r e q u e n c y of t he d i rec t iona l change of t h e i r r ad i a t i on . For t h e b e t t e r obse rva t ion of these 
p ic ture j u m p s we have se lected t h e f requency of 3 cs. The s h a r p n e s s a d j u s t m e n t is ca r r i ed ou t 
b y changing t h e objec t ive c u r r e n t unt i l the p i c t u r e j u m p s cease. I n t he subsequen t shoo t ing 
th i s sharpness a d j u s t m e n t a id is na tu ra l ly s t opped a u t o m a t i c a l l y so a s no t to reduce t h e qua l i ty 
of t he p i c tu re . 
The t echn ica l r e q u i r e m e n t s of the ob jec t sluice are in t h e case of a high c a p a c i t y in s t ru -
m e n t in pr inc ip le o thers t h a n fo r a medium class i n s t r u m e n t . Cons ide ra t ion mus t he g iven dur-
ing the cons t ruc t i on of t h e s luice to the possibi l i t ies of t he m u l t i p l e object m a n i p u l a t i o n s , 
inc luding t h e hea t i ng and cool ing of the o b j e c t . 
I n spi te of these a d d i t i o n a l r equ i remen t s we h a v e m a n a g e d t o realize a s imply operab le , 
foolproof ob j ec t sluice. T h e p r e p a r a t i o n is f i x e d b y a t h r eaded c a p on the ob jec t ca r t r i dge , 
which is held in a carriage. D u r i n g sluicing-in t h e sluice chamber is c losed by ro ta t ing t h e eccen-
t r ic p a r t by 180°; t h e n the sluice c h a m b e r is f o r e p u m p e d by m o v i n g t h e sluice knob a long a guide 
l ink and t h e ob j ec t ca r t r idge is b r o u g h t to t h e o b j e c t table. T h e comple t e sluicing-in process 
l a s t s only 3 seconds . 
T h e d a t a of t he high c a p a c i t y object ive a r e : Foca l d i s tance 2.6 m m , ape r tu re f a u l t con-
s t a n t 2.2 m m , colour f a u l t c o n s t a n t 1.7 m m . 
B y supp ly ing the o b j e c t i v e wi th one, or t w o ob jec t m a n i p u l a t i o n drives, in a d d i t i o n to the 
no rma l ob jec t car t r idge , specia l o b j e c t car t r idges can also be app l i ed , fo r the purposes of ex ten-
sion, single sweep, double sweep a n d ro ta ry sweep. T h e appl icat ion of t h e mul t iob jec t ca r t r i dges 
fac i l i t a tes t h e compar ing inves t iga t ions . 
N a t u r a l l y t he ob jec t ive is suppl ied with a n e f f ic ien t objec t s p a c e cooling device, w h e r e b y 
no ob jec t c o n t a m i n a t i o n s c a n b e observed even d u r i n g 15 m i n u t e i r rad ia t ions by a f i n e beam 
of 1 f im d i a m e t e r . 
Special care has been d e v o t e d to the d e v e l o p m e n t of a s i m p l e magni f ica t ion change-
over and the a u t o m a t i o n of t h e p h o t o - e q u i p m e n t in order to e n s u r e t h e fas t and r a t i o n a l oper-
a t i o n wi th th i s new high c a p a c i t y microscope. 
The change-over of t h e magn i f i ca t i on b e t w e e n 100 X—200 ,000 X is effected by a magn i -
f ica t ion selector switch in 25 s t e p s . A digital m a g n i f i c a t i o n i nd i ca t i on ins t ruc ts the u s e r con t i n -
uous ly a b o u t t h e ad ju s t ed m a g n i f i c a t i o n dur ing t h e observa t ion of t h e picture. 
The p h o t o - a p p a r a t u s is cons t ruc t ed on t h e experiences o b t a i n e d during the long yea r s 
of developing t h e i n s t r u m e n t s of t y p e EM 9. Y e t t h e new sys t em of t h e EM 10 i n s t r u m e n t s is 
more un iversa l , supplies m o r e i n f o r m a t i o n and i t s handl ing is s t i l l s impler . I n p r inc ip le t he 
i n s t r u m e n t E M 10 is designed f o r t he use of t h r e e var ious c a m e r a t y p e s . A camera selector 
switch pe rmi t s t h e selection of t h e plate- , or p l ane f i l m camera , t h e 70 m m roll f i lm c a m e r a , or 
t h e min i camera . E a c h c a m e r a h a s its special b l acken ing a d j u s t e r fo r the e lec t ron-op t i ca l 
b lackening. In add i t ion b o t h b ig -p ic tu re cameras h a v e a l ight -opt ica l shoot ing da ta b l a c k e n i n g 
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Fig. 10a. Overfocussed per fo ra t ion foil, 3- Fig. 10b. Under focussed p e r f o r a t i o n foil; ir-
t imes i r r ad ia ted (for 1 sec each time) a f t e r 30 rad ia ted for 11 minutes w i t h a n i r radia t ion 
sec intervals . 200,000 X a p e r t u r e of 7.10-«. 60,000 X 
Fig. 11. Reso lu t ion tes t . 1.700,000 X 
a d a p t e r as well. These b l acken ing controls m u s t be na tu ra l ly a d j u s t e d once for t he plate- and 
f i lm t y p e s used with t he camera s . An ind ica to r shows all t he t i m e , when a p ic tu re is on the f luo-
rescen t screen, the e x p e c t a b l e dura t ion of t h e i rradiat ion. T h e t ime range of t h e i r radiat ion 
a u t o m a t i c s is between 0 .2—100 seconds. 
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Fig. 12. Virus par t ic le SV 40, negat ive p a i n t e d . Prep, b y : Dr . H. F rank , M a x Planck Inst , 
for Virus R e s e a r c h , Tübingen. 200,000 X 
If the a d j u s t e d f ina l pic ture b r i g h t n e s s is too high, t h e i r radiat ion m e t e r can be con-
t ro l led over. This p roh ib i t ed condit ion fo r t h e shooting is i nd ica ted by a Warnsignal lamp. 
The l ight ing u p of the green l a m p conta ined in t he shot -s ta r t ing k e y is a free-signal, 
i nd i ca t i ng t h a t in t he selected camera p l a t e s , or f i lms are still available. Press ing d o w n the s t a r t 
b u t t o n s ta r t s t he comple te ly au toma t i c pho tog raph ing process . The f luorescen t screen is r un 
u p a n d the i r rad ia t ion au toma t i c s control t h e proper i r rad ia t ion period t h rough t h e lock-control . 
S imul taneous ly 5 charac te r i s t ic da ta of t h e shot are pr in ted o n t he edge of t h e nega t ive (a five-
d ig i t serial number , t h e year , a freely se lec ted recognition l e t t e r , the magn i f i ca t i on grade and 
t h e accelerat ion vo l tage) in l ight-optical execu t ion . Af ter t he i r radiat ion per iod is up , the f luo-
r e s c e n t screen closes a n d the shooting m a t e r i a l is t rans fe r red fu r the r . The c o m p l e t e shooting 
cycle only t akes 4 seconds, wi thout t h e i r r ad i a t i on period. 
The shoot ing capac i ty of the series p l a t e camera a m o u n t s to 30 p la tes , or plane fi lms 
respec t ive ly . This capac i ty can be cons ide rab ly extended b y t h e insertion of a 70 m m roll f i lm 
c a m e r a . The m a x i m u m applicable f i l m l e n g t h is 5 m providing for 75 shots. A microswi tch-f i lm-
feeler scans the f i lms tage a t the en t r ance to indicate if still a n o t h e r shot is poss ible . This scan-
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ning and ind ica t ing process pe rmi t s the inserting of arbitrarily shor te r length films i n t o the 
camera and the i r uti l ization w i thou t any measur ing or calculation problems. 
All these elaborated fas t photo-instal lat ions would miss their dest inat ion if no suff ic ient 
shooting mater ia l were available in dried eondition for the replacement . The big (20 lit. capac i ty ) 
d ry chamber pe rmi t s by its purposefu l local a r r angemen t the t r ans fe r of the photo-mate r ia l 
into the opened storage chamber of the plate camera in the fas tes t possible way. Figs 10—11 
show the high mechanical and electrical stability of t he ins t rument as well as a test resolut ion, 
in which a point resolution of 3 A is clearly recognizable. 
* 
Thanks on the par t of the exhibit ing f i rm are due to the Hunga r i an Academy of Sciences 
for the permission to hold this Symposium, at which the u l t ramicro tome -program of Messrs. 
C. Reichert , Vienna was also presented — in its r ooms as well as to Mr. Zoltán Mátyássy , De-
p a r t m e n t H e a d (Akadimport ) for creating the organiziatonal condi t ions and to Mr. Emil 
Roósz, the in te rpre te r of the symposium for t he simultaneous in te rpre ta t ion . 
E . G U T T E R 
O P T O N Feinteehnik Gmbh , 
7082 Oberkochen, 
Pos t fach 35/36, D . B . R . 
F U N C T I O N A L O R G A N I Z A T I O N OF C O T Y L E D O N PLASTS I N T H E C O U R S E OF 
E M B R Y O G E N E S I S IN P I S U M SATIVUM L 
Besides studies on the u l t ras t ruc ture of chloroplasts invest igat ions into the f ine s t r uc tu r e 
of the leucoplasts formed in the tissues of storing organs, cotyledons and endospermium have 
r e c e n t l y c o m e i n t o p r o m i n e n c e (BADENHUIZEN 1 9 6 4 , SÁRKÁNY 1 9 6 6 , BADENHUIZEN—SALEMA 
1 9 6 7 , G R A C Z A — S Á R K Á N Y 1 9 6 7 , G R A C Z A — F R I D V A L S Z K Y — D Á N O S 1 9 6 9 , G R A C Z A — F R I D -
Fig. 1. Mesophyllic cell of young cotyledon with proplasts in Pisum sativum L 
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Fig. 2. Chloroplast wi th s t a r c h grain 
Fig. 3. Thy l laco ids pressed b y s ta rch to the m e m b r a n e in the chloroamyloplas t 
VALSZKY—SÁRKÁNY 1971 , BADENHUIZEN 1971). I n t h e p r e s e n t p a p e r t h e f i n e s t r u c t u r a l c o n -
d i t ions of the l eucop las t s developing in pea cotyledons a re discussed in r e l a t ion with t h e n u -
t r i e n t accumula t ion . 
Material f o r t h e light- and e l ec t ron microscope s tudies of n u t r i e n t accumula t ion w a s 
collected at f ive s t a g e s of embryo deve lopmen t . At t h e s e stages the l e n g t h s of the developing 
cotyledons were 1.5, 3, 5, 7 and 9 m m respect ively. W h e n prepar ing t he l i gh t microscope sect ion 
series we applied Bouin- f ixa t ive a n d p a r a f f i n inbedding , while in the case of electron micro-
scope studies p o t a s s i u m p e r m a n g a n a t e f ixa t ion and u l t r a - t h i n sections i n b e d d e d in d u r c u p a n . 
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Fig. 4. Subpro todermal cell wi th chloroelaioplast (e ) 
Fig. 5. Chloroelaioplast wi th oil bodies 
T h e cross-section of t he cotyledon pr imord ia a t t he f i r s t s tage of the pea e m b r y o shows 
t h a t t h e highly mer i s t emic cells are square or brick shaped a n d t igh t ly closed. I n t h e cells t h e 
cy top la smic re t iculum a n d numerous mi tochondr i a while only a low number of d ic t iosomata 
are a p p e a r i n g and in t h e proplas t s a round t h e nucleus the growing of the inner m e m b r a n e a n d 
the deve lopmen t of t he thyl lacoids have s t a r t ed . A t the second s tage d i f ferent ia t ion in the young 
ch loroplas t s has a d v a n c e d , and s t roma- a n d g rana thyl lacoids h a v e already developed in t h e m . 
S o m e w h a t later s t r u c t u r a l and func t iona l d i f fe ren t ia t ion begins in the y o u n g chloroplas ts , 
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n a m e l y , in the inne r cells of the m e z o p h y l l u m of t he co ty ledon p r imord ium the chloroplasts 
r e m a i n spherical or egg-shaped, the s t r o m a a n d rich g r a n a thyl lacoids t a k e u p a posi t ion near 
t h e p las t m e m b r a n e (Fig . 1), and in t h e cen t r e a da rk b o d y — s tarch — begins to appear (Fig. 
2). O n the o ther h a n d , in the mezophyl l ic cells near t he p ro tode rma the y o u n g chloroplasts 
b e c o m e increasingly e longated and occasional ly even bend , inside them small spaces develop 
b e t w e e n the s t roma a n d grana thyl lacoids which will be t he places of f u t u r e oil bodies (Fig. 3e). 
At the n e x t s t age small spherical p roplas t s a p p e a r in the outer and inner cells of the 
mezophy l lum. A f t e r a shor t t ime the d e v e l o p m e n t of thy l laco ids also begins in t hem, the s t roma 
lamel lae being a r r a n g e d in 1—3 concen t r i c r ings (Fig. 5p). At t h a t t ime in p las t s conta in ing 
s t a r c h a light zone a p p e a r s in the middle of the s ta rch and becomes oval. I n t he subp ro tode rma l 
reg ions , spherical e lec t rodense oil bodies e x u d a t e in the spaces bordered b y thy l laco ids be tween 
t h e elongated ch loroplas t s . 
Fig. 6. P ro top las t wi th s t roma thyl lacoids (p) 
A t the f o u r t h s tage the growing s t a r c h grains g radua l ly press the thyl lacoids of the 
ch loroplas t s to the m e m b r a n e (Fig. 3). I n t he s ta rch gra ins the previously s t a r t i n g corrosion 
c o n t i n u e s in a l ong i tud ina l crack (Fig, 5), a n d owing to t he thyl lacoids lef t beh ind a round t he 
s t a r c h this s t ruc tu re c a n be considered t o be a ch loroamyloplas t . In the o ther p las t t y p e t he 
thy l l aco id s t ruc tu re c a n still be observed a round the oil bodies (Fig. 4 and 6.), so th is is a func-
t i ona l ly modified n e w organel which we suggest calling chloroelaioplast . I n t he pro teoplas t s 
deve loping later a pro te in- l ike ma t t e r appea r s . 
P . G R A C Z A , L . F R I D V A L S Z K Y , S . S Á R K Á N Y ' , Z . D Ö M Ö T Ö R 
E ö t v ö s Loránd Unive r s i ty 
D e p a r t m e n t of Appl ied Bo tany and Histogenesis , 
1088 B u d a p e s t , Múzeum k r t . 4/a 
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COMPARATIVE STUDY OF S O M E D I S I N F E C T A N T S FROM T H E P O I N T O F V I E W 
O F T H E D A I R Y I N D U S T R Y , W I T H SPECIAL R E G A R D TO T H E I O D O P H O R S 
1. On iodophors in general. Iodine is an ant isept ic of excellent action. Nevertheless, 
i ts wider use has so far been p reven ted by its being practically insoluble in water , hav ing an 
unpleasant odour , discolouring t h e technical equ ipmen t and damag ing skin and metal l ic 
surfaces. Shelanski discovered (cit . TWOMEY 1968), however, tha t t h r o u g h an in te rac t ion be-
tween polyvinylpyr ro l idone and iodine all d isadvantageous properties of the lather are reduced 
without its e f fec t on the microbes decreasing. These new substances were given t h e n a m e 
"mild iodine compounds" or " i o d o p h o r s " (af ter t he Greek word " p h o r o s " = bearer) . The 
"ac t ive iodine" released from the iodophors is only 30 per cent of t he molecular weigh t in 
concentrated solut ions, while increasing to 70—80 per cent due to dilution. As to their 
s t ructure, G a r r e t t , Schmidt-Winicow, Mayhew-Hya t t , Lawrence, McBain (cit. TWOMEY 
1968) and ERDEY-GRUZ—SCHAY (1954) pointed ou t tha t the iodophors are micellar com-
plexes, or in o the r words associated colloids. Of t h e surfactants used for the p roduc t ion of 
iodophors non-ionic, anionic and cationic de te rgen ts can be employed. The use of t he la t te r 
is not practical , as the rising p H - v a l u e and the ha rdness of water h a v e an unfavourab le influ-
ence on their ac t ion . Of the non-ionic surface ac t ive substances the alkyl-phenolosy-polygly-
cole ethers were found to he the m o s t suitable for iodophor product ion (Schmidt—Winicow, 
Bar t l e t t—Schmid t , Hugo—Newton , Allawalla—Riegelman, B r o s t — K r u p i n , Siggia, Alla-
wal la—Riegelman, Terry Shelanski , Lazarus, J o h n s o n , Osol—Pines, Kronick, Schick (cit . 
TWOMEY 1968). I n an acidic m e d i u m iodine released f r o m them is no t re t ransformed in to iodids 
as it is in an alkal ine medium and t h u s they cannot be mixed with alkal ine detergents and soaps. 
When dissolved in water hot ter t h a n 35 °C the iodine evaporates f r o m the solution. 
2. E f fec t of iodophors on meta ls . According to Hugo and N e w t o n (cit. TWOMEY 1968) 
the iodophors pract ical ly only corrode copper and silver and their alloys. 
3. Toxic i ty of iodophors. T h e lethal dose determined in exper iments per formed wi th 
guinea pigs and whi te rats is 4000 p p m iodine/kg. T h e natural iodine con ten t of milk a n d mea t 
is about 0.05 p p m . 0.1 ppm iodine carried by iodophors in the milk can be demons t ra ted with 
a l p h a - n a p h t o f l a v o n e (KOVÁCS—MÉSZÁROS 1 9 7 0 , BÁNYAI 1961) , 10 p p m e v e n b y t h e s e n s e 
organs, while 40 p p m iodine inh ib i t s the bacterial acidification ( thus i t is not worth while pu t -
t ing it into milk wi th a f raudulen t intent ion to p r e v e n t acidification or deterioration). 
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4. The germicide effect of iodophors. Wi th in A p H range of 2 .4—3 iodophors even when 
cold are effect ive against viruses, bacter ia , saccharomyces and pro tozoa alike; e.g. aga ins t the 
virus of foot- and mou th disease a t A concentrat ion of 5 per cent (500 ppm) (SZENT-IVÁNYI 
1971). The veter inar ian studies connected with this were performed in Hungary by NYIREDY 
(1967) who found t h a t at concent ra t ions of 0.15 (25 p p m ) , 0.45 (75 p p m ) , 0.9 (150 p p m ) and 2 
per cent (300 p p m ) iodine is effect ive against the following microbes: E. coli, S. typhi murium, 
Str. dysgalactiae, Bact. rhusiopathiae, Past, multiseptica, Bac. subtilis, S. suipestifer, Str. agalac-
tiae, Staph, aureus, List, monocytogenes, Bac. anthracis, Aspergillus flavus, Pénicillium glaucum. 
5. Compara t ive studies of dis infectants in re la t ion to the da i ry indust ry . In t he course 
of the cleaning and disinfecting operat ions the sui tabi l i ty of tools a n d chemicals used is an 
addit ional requ i rement (besides those of public hea l th and animal hygiene) in the dairy i n d u s t r y . 
The law-decree No. 27. 1958. para . 5. and 6. a n d para . 9. and 10. of decree No. 50/1958. 
( I X . 6.) Gov. issued for the execut ion of the former prescribe the observa t ion of the above re-
quirements. 
Expe r t s directing supervision, investigation and product ion m u s t know how t h e con-
ditions under which the prescribed microbiological qua l i ty and limit va lue can be ma in ta ined , 
are to be ensured, and what the means it can be a t t a ined by are, a n d how the tests on which 
the expert opinion is based are to be performed before the in t roduc t ion of new dis infec tants 
(already pe rmi t t ed f rom a san i t a ry point of view). 
In the dairy indus t ry the aim of cleaning and disinfection is t o ensure practically sterile 
surfaces and condit ions. 
The principle of pract ical steril i ty was in t roduced by DEMETER (1967) to eva lua te t he 
resuóts of the cleaning and disinfecting of cans as regards lactic acid, a n d E. coli and col i form 
groups. The S ta t ion has ex tended this principle to include all microorganisms and the da i ry 
e q u i p m e n t , t o o ( C Z E I D E R — W A G N E R 1 9 6 8 ) . 
6. The concept of pract ical sterili ty, a) Pipe lines, containers a n d other equipment sur-
faces in contact wi th milk or milk p roduc t s are pract ical ly sterile when a ml rinsing water sample 
taken f rom them af te r cleaning and disinfection conta ins only as m a n y microorganisms as 
present in the water provided by the public u t i l i ty works and used for rinsing, or in well-
water of dr inking quali ty. 
b) Mechanically washed cans and bottles are practically sterile when less than one mi-
croorganism per 1 ml of the milk or milk product poured in is present on their total inner sur-
face. 
On pract ical ly sterile surfaces no pathogens are allowed to be presen t , while condi t ional 
pa thogen E. coli as well as t he condit ional pathogens found in water (Pseudomonas) only in 
traces. 
In the course of our invest igat ions the following dis infectants were compared: Tego 
51 (Theodor Goldschmidt AG Chemische Fabr iken, Essen), tagonin t (Byk-Giilden Lomberg 
Chem. Fabr ik G m B H Konstanz-Bodensee) , sodium hypochlori te (hypo , Borsod Chemical 
Works), nitrogenol (Enterpr ise of Cosmetics and Household Chemicals), Dichinol BA (Diversey), 
iodophors (CIBA-Phylaxia) . 
In H u n g a r y three iodophor preparat ions are p u t in circulat ion by the f i rms CIBA-
Phylaxia : 
1. IOSAN for the steri l ization of surfaces in con tac t with mi lk and milk p roduc t s , 
2. IOSAN CCT for the steri l ization of skin, 
3. W E S C O D Y N E for t he sterilization of floors, lavatories and surroundings. 
During the comparison of t he disinfectants t he cleaning and sterilizing methods pre-
scribed in the dairy indust ry were applied. 
For t he invest igation 1 l i t . milk bottles and 25 l i t . a luminium and tin-plate cans were 
used. The to ta l inner surfaces of cans and bottles ( including the lower sur face of the lids of cans 
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touching the milk) were r insed with fresh milk, closed and s to red — cans for 24 hours , glass 
bot t les for 72 hours — a t 30 °C; then rinsed again with a k n o w n amount of sterile water , and 
the microorganism content of t h e la t ter was determined and re fe r red to the to ta l inner surface. 
In the course of the inves t iga t ion the a m o u n t s of E. coli and col i form and of to ta l microbes pres-
ent on the surfaces were de termined. 
The cans and bot t les were first r insed wi th cold water , t h e n washed wi th a 2 per cent 
Csepel 12 alkaline solution (similar to the composition of P 3 _ 1 2 produced by the Henkel Co.) 
of 65 °C tempera ture , and r insed out again w i t h water . After t h e removal of the Csepel 12 solu-
tion t h e number of microbes on the to ta l inner surface of t h e cans was again de termined (in 
the case of the glass bot t les t es t s after the alkal ine washing were dispensed with as unnecessary 
owing to the relatively g rea t f ineness of glass surfaces), a d i s in fec tan t of 0.1 per cen t concentra-
t ion was applied ( ins tan taneous effect t h rough rinsing) then r e m o v e d by rinsing (unt i l foaming 
s topped) . Af te r sterilization and 24 hours of repeated s torage a t 30 °C the a m o u n t of micro-
organisms on the total inner surface was aga in determined in o rder to check the resul t of steri-
l ization and the subsequent reproduct ion (PÜNTER 1969) (Tables 1, 11 and 15). 
The tes ts were pe r fo rmed according to the prescript ions of the s t anda rd MSZ 3743. 
Subsequent ly we studied t h e effect of d is infec tants on Pseudomonas aeruginosa i m p o r t a n t f rom 
the po in t of view of the d a i r y industry. F o r t he examinat ion a 24 hours old b r o t h culture of 
more t h a n 10e/ml microbe content , inocula ted on three successive days, was used. The con-
cent ra t ions of the d is infec tan ts were 1, 0.1. per cent ; the t ime of ac t ion: ins tan taneous , 10 mi-
nutes , 1 hour and 2 hours, respectively. The effect of d is infectants was studied in distilled water 
solutions and in the presence of 10 per cent milk at room t e m p e r a t u r e ; then the g rowth of the 
microbes was examined in a cul ture medium of indicator and milk-sugar content a f t e r 24 hours 
breeding a t 37 °C (Table 12). Tego 51 (except for the new prepara t ions) , tagonin, and nitrogenol 
are per fec t ly ineffective aga ins t Pseudomonas aeruginosa, t he re fo re we do no t present tables 
of t h e resul ts of the invest igat ions. 
Table 1 
Sterilization of tin-plate cans with Tego 51 
Microbe con ten t of the to t a l i n n e r surface 
Marking 
of cans 
before prev ious 
rinsing 
af ter alkaline 
washing 
sterilization 
with Tego 51 
subsequent 
reproduction 
cont ro l sterile 
distilled water 
coli 
t o t a l 
microbe coli 
t o t a l 
microbe coli 






I. 10' 10® 1 0 4 10 6 0 1 0 3 1 0 3 1 0 6 0 0 
I F 10' 10® 105 10 ' 0 1 0 3 1 0 5 1 0 6 0 0 
i n . 10S 10 1 1 10S 10S 0 10 4 1 0 5 1 0 6 0 0 
I V . 1 0 6 10® 1 0 4 10 ' 0 10® 1 0 3 10' 0 0 
V. 10' 10® 105 10° 0 1 0 4 1 0 4 10 G 0 0 
Sterilization of aluminium cans w i t h Tego 51 
V I . 10' 10® 104 1 0 ' 0 10 6 10' 10S 0 0 
V I I . 10' 10® 105 10 ' 0 10 4 103 105 0 0 
VIII. 10S 10® 105 10 ' 0 104 103 105 0 0 
I X . 108 10® 105 1 0 ' 0 10 6 104 106 0 0 
X . 10' 1 0 1 0 104 10 S 0 10 6 104 109 0 0 
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Table 2 
Sterilization of tin-plate cans with Tagonin 





a f te r alkaline 
washing 
a f t e r steriliza-
t ion with 
tagonin 
subsequen t reproduction 




t o t a l 
microbe coli 
to ta l 
microbe coli 
to ta l 
microbe coli 
t o t a l 
microbe coli 
to ta l 
microbe 
X I 108 1 0 u 104 105 104 105 above 10e above I0 7 0 0 
X I I 108 1 0 " 105 106 105 105 above 106 above 107 0 0 
X I I I 108 10'° 105 10® 105 106 above 106 above 107 0 0 
X I V 108 1 0 u 105 106 104 106 above 10® above 107 0 0 
XV 108 1 0 u 105 106 104 106 above 106 above 107 0 0 
Sterilization of t in -p la te cans with Tagonin 
X V I 108 1 0 u 10® 106 104 106 above 106 above 107 0 0 
X V I I 10s 1011 104 106 10® 106 above 106 above 107 0 0 
X V I I I 108 1011 104 106 104 105 above 10° above 107 0 0 
X I X 108 1010 105 10® 104 105 above 106 above 107 0 0 
X X 10s 1 0 u 104 106 105 10® above 106 above 107 0 0 
Table 3 
Sterilization of tin-plate cans with Nitrogenol 







after steril ization 
with n i t rogenol 
subsequent 
reproduction 






t o t a l 







X X I 1 0 s 1 0 1 2 1 0 5 10® 0 1 0 2 1 0 6 1 0 7 0 0 
X X I I 1 0 8 1 0 1 1 1 0 5 1 0 ° 0 1 0 3 1 0 6 1 0 7 0 0 
X X I I I 1 0 7 1 0 9 1 0 4 1 0 6 0 1 0 3 1 0 4 10® 0 0 
X X I V 1 0 s 1 0 9 1 0 1 0 7 0 1 0 3 1 0 3 10® 0 0 
X X V 1С7 1 0 n 10® 1 0 ° 0 1 0 2 1 0 6 1 0 7 0 0 
Sterilization of a luminium cans with Nitrogenol 
X X V I 1 0 8 1 0 1 0 1 0 4 1 0 G 0 1 0 3 1 0 6 1 0 7 0 0 
X X V I I 1 0 s 1 0 1 0 1 0 4 1 0 s 0 1 0 3 10® 1 0 7 0 0 
X X V I I I 1 0 8 1 0 9 1 0 5 1 0 7 0 1 0 4 1 0 4 1 0 5 0 0 
X X I X 1 0 7 1 0 9 1 0 4 1 0 7 0 1 0 3 1 0 4 1 0 5 0 0 
X X X 1 0 7 1 0 9 10® 1 0 7 0 1 0 2 1 0 3 1 0 s 0 0 
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Table 4 
Sterilization of tin-plate cans with sodium hypochlorite 





a f te r alkaline 
washing 
a f t e r sterilization 
, wi th 9odium 
hypochlor i te 
subsequent 
reproduction 
a f te r 24 hours 
cont ro l sterile 
distilled water 
coli 
to ta l 
microbe coli 
t o t a l 
microbe coli 
to ta l 
microbe coli 




X X X I 1 0 7 1 0 8 1 0 5 1 0 7 0 1 0 0 1 0 3 0 1 0 
X X X I I 1 0 8 1 0 9 1 0 s 1 0 6 0 10= 0 1 0 3 0 0 
X X X I I I 1 0 7 1 0 1 0 1 0 5 1 0 8 0 10= 0 1 0 3 0 0 
X X X I V 1 0 6 1 0 1 0 1 0 4 1 0 s 0 10= 0 1 0 3 0 0 
X X X V 1 0 5 1 0 8 1 0 3 1 0 5 0 1 0 0 1 0 3 0 0 
Sterilization of aluminium cans with sodium hypochlori te 
X X X V I 1 0 6 1 0 9 1 0 5 1 0 7 0 1 0 0 1 0 2 0 0 
X X X V I I 1 0 7 1 0 9 1 0 5 1 0 7 0 1 0 0 1 0 2 0 0 
X X X V I I I 1 0 6 1 0 9 1 0 4 1 0 6 0 10= 0 1 0 3 0 0 
X X X I X 1 0 s 1 0 1 0 1 0 6 1 0 8 0 10= 0 1 0 3 0 0 
X L 1 0 6 1 0 9 1 0 5 1 0 7 0 1 0 2 0 1 0 3 0 0 
Table 5 
Sterilization of tin-plate cans with Iosan 









a f te r s ter i l izat ion 
wi th Iosan 
subsequent 
reproduct ion 
a f te r 24 hours 
con t ro l sterile 
distil led water 
coli 
to ta l 
microbe coli 
t o t a l 
microbe coli 
to ta l 
microbe coli 
t o t a l 
microbe coli 
to ta l 
microbe 
X L I 1 0 8 1 0 9 1 0 4 1 0 6 0 1 0 3 0 1 0 s 0 0 
X L I I 1 0 8 1 0 9 1 0 5 1 0 7 0 10= 0 1 0 4 0 0 
X L I I I 1 0 1 0 1 0 1 1 1 0 5 1 0 8 0 1 0 3 0 1 0 6 0 0 
X L I V 1 0 8 1 0 9 1 0 s 1 0 G 0 1 0 2 0 1 0 5 0 0 
X L V 1 0 8 1 0 9 1 0 5 1 0 s 0 1 0 2 0 1 0 4 0 0 
Sterilization of aluminium cans with Iosan 
X L V I 1 0 8 1 0 1 0 1 0 4 1 0 ° 0 1 0 2 0 1 0 4 0 0 
X L V I I 1 0 9 1 0 1 1 1 0 s 1 0 7 0 1 0 3 0 1 0 s 0 0 
X L V I I I 1 0 4 1 0 1 0 1 0 5 1 0 7 0 1 0 3 0 1 0 3 0 0 
X L I X 1 0 4 1 0 1 0 1 0 4 1 0 7 0 1 0 3 0 1 0 4 0 0 
L 1 0 4 1 0 s 1 0 4 1 0 " 0 1 0 2 0 1 0 5 0 0 
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Table 6 
Sterilization of 1 lit. glass bottles with Tego 51 
(earlier preparation) 
Marking of 
bo t t les 
Microbe content on t o t a l surface 
b e f o r e previous 
r insing 
a f t e r washing with 
alkal ine and sterili-
zat ion 
subsequent 





to ta l 
microbe coli 
to ta l 
microbe coli 
to ta l 
microbe coli 
t o t a l 
microbe 
I 1 0 ' 1 0 « 0 1 0 2 0 1 0 3 
о 
0 
I I 1 0 7 1 0 8 0 1 0 3 0 1 0 3 0 0 
I I I 1 0 » 1 0 8 0 1 0 0 1 0 2 0 0 
I Y 1 0 » 1 0 ' 0 1 0 3 0 1 0 » 0 0 
V 1 0 » 1 0 8 0 1 0 2 0 1 0 4 0 0 
Table 7 
Sterilization of 1 lit. glass bottles with Tagonin 
Microbe content on t o t a l surface 
Mark ing of 
bo t t les 
b e f o r e previous 
r insing 
a f t e r washing with 
alkal ine and sterili-
za t ion 
subsequen t repro-
d u c t i o n af ter 24 
hours 










V I 1 0 ' 1 0 8 0 1 0 4 1 0 » 1 0 6 0 0 
V I I 1 0 5 1 0 ' 0 1 0 1 0 1 1 0 6 0 0 
V I I I 1 0 6 1 0 ' 0 1 0 3 1 0 4 1 0 6 0 0 
I X 1 0 6 1 0 8 0 1 0 3 1 0 3 1 0 ' 0 0 
X 1 0 ' 10» 
о 
1 0 4 1 0 » 1 0 ' 0 0 
Table 8 
Sterilization of 1 lit. glass bottles with Nitrogenol 
Microbe con ten t o n to t a l surface 
Mark ing of 
bot t les 
be fo re previous 
r insing 











to ta l 
microbe coli 
to ta l 
microbe coli 
t o t a l 
microbe 
X I 1 0 4 1 0 ' 0 1 0 0 1 0 2 0 0 
X I I 1 0 4 1 0 ' 0 1 0 2 0 1 0 3 0 0 
X I I I 1 0 » 1 0 ' 0 1 0 2 0 1 0 3 0 0 
X I V 1 0 ' 1 0 9 0 1 0 0 1 0 2 0 0 
X V 1 0 ' 10» 0 1 0 0 1 0 2 0 0 
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Table 9 
Sterilization of 1 lit. glass bottles with sodium hypochlorite 
Microbe content on to ta l sur face 
Marking of 
bot t les 
before previous 
r insing 
a f te r washing with 
alkaline and sterili-
za t ion 
subsequen t repro-
duc t ion a f t e r 24 
h o u r s 
control sterile water 
coli 
t o t a l 
microbe coli 
to ta l 
microbe coli 
to ta l 
microbe coli 
to ta l 
microbe 
X Y I 1 0 ' 1 0 8 0 1 0 0 1 0 2 0 0 
X V I I 1 0 7 1 0 8 0 0 0 1 0 0 0 
X V I I I 1 0 5 1 0 6 0 0 0 1 0 0 0 
X I X 1 0 6 1 0 7 0 1 0 0 1 0 2 0 0 
X X 1 0 G 1 0 7 0 1 0 0 1 0 2 0 0 
Table 10 
Sterilization of 1 lit. glass bottles with Iosan 
Marking of 
bot t les 
Microbe content on to ta l sur face 
before previous 
r insing 
af ter washing with 
alkaline and sterilization 
subsequen t repro-
d u c t i o n a f te r 24 
hours 
cont ro l sterile 
water 
. coli 
t o t a l 
microbe coli 
to ta l 
microbe coli 




X X I 104 107 0 10 0 10 0 0 
X X I I 104 107 0 10 0 102 0 0 
X X I I I 105 107 0 10 0 102 0 0 
X X I V 104 108 0 below 10 0 10 0 0 
X X V 104 109 0 10 0 102 0 0 
X X V I 105 107 0 10 0 102 0 0 
X X V I I 105 107 0 10 0 102 0 0 
X X V I I I 104 107 0 10 0 102 0 0 
X X I X 104 107 0 10 0 102 0 0 
X X X 105 107 0 10 0 102 0 0 
Hypomycetes and Saccharomycetes of mixed flora were s tud ied under condit ions similar 
to those described above, and growth was checked af ter 72 hours of breeding on lact ic acid mal t 
agar a t room tempera tu re (Tables 13—14). 
As a result of our invest igat ions we have established t h a t in sterilizing glass surfaces 
iodophors and nitrogenol have the same effect , as practical s ter i l i ty can be a t ta ined with either 
of t h e m . 
Tego 51 and tagonin are unsui table for use in the dairy indus t ry . The applicat ion of 
sodium hypochlorite and of prepara t ions with active chlorine c o n t e n t (Dichinol R A ) is condi-
t ioned by veter inarian ins t ruct ions . 
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Table 11 
Washing and sterilization of 1 lit. glass bottles with 1 per cent Dichinol RA 
Microbe content on t o t a l surface 
Mark ing of 
bot t les 
before previous 
rinsing 
a f t e r washing with 
a lka l ine and steri-
lization 
subsequent repro-









to ta l 
microbe coli 
to ta l 
microbe 
XXXI 1 0 ' io9 0 0 0 0 0 0 
XXXII 1 0 ' 109 0 0 0 0 0 0 
XXXIII 1 0 ' 109 0 0 0 0 0 0 
XXXIV 1 0 ' 109 0 0 0 0 0 0 
XXXV 1 0 ' 109 0 0 0 0 0 0 
XXXVI 1 0 ' 1 0 9 0 0 0 0 0 0 
XXXVII 1 0 ' 1 0 9 0 0 0 0 0 0 
XXXVIII 1 0 ' 1 0 9 0 0 0 0 0 0 
XXXIX 1 0 ' 109 0 0 0 0 0 0 
XL 1 0 ' 109 0 0 0 0 0 0 
Table 12 
Effects of iodophors (Iosan, Iosan CCT, Wescodyne) 
and sodium hypochlorite on Pseudomonas aeruginosa 
Time Control 
Iodophors Iodophors + 10% milk 
i% o.i% 1% 0-1% 
Ins tan taneous + + + + 0 + + + + 0 + + + + 
10 minutes + + + + 0 + + + + 0 + + + + 
1 hour + + + + 0 + + + 0 + + + + 
2 hours + + + + 0 + + 0 + + + + 
Sodium hypochlorite Sodium h ipochlor i te 




R A + 10% milk 
i % 0.1% 1% 0-1% 1% 0-1% 1 % 0-1% 
0 + + + + + + + + + 0 0 0 + + + + 
0 0 0 + + + + 0 0 0 + + + + 
0 0 0 + + + + 0 0 0 + + + + 
0 0 0 + + + + 0 0 0 + + + + 
+ + + + = very s t rong growth 
+ - Ы - = strong growth 
+ + = moderate growth 
+ = poor growth 
0 = no growth 
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Table 13 
Effects of iodophors (Iosan, Iosan CCT, Wescodyne) and nitrogenol on hypomycetes 
(mixed planifiera) 








0.1% solution of 
iodophors , and 
1, 0 .1% solutions 
wi th 10% milk 
present 
+ + + + 
- + + + 




1, 0 . 1 % solutions 
of n i t rogenol . and 
the s a m e concen-
t r a t ion w i t h 10% 
milk present 
+ + + + = very strong growth 
H—I—|- = s t rong growth 
+ + = moderate growth 
-j- = poor growth 
0 = no growth 
Table 14 
Effects of iodophors (Iosan, Iosan CCT, Wescodyne) 
and nitrogenol on saccharomycetes (mixed plant flora) 




d o p h o r s 
0.1% solution 
of iodophors, 
and 1, 0.1% 
solutions wi th 
10% milk 
present 











lu t ions of 
n i t rogenol with 
10% milk 
present 
Ins tantaneous action + + + + 0 + + + + 0 ± + + + + 
10 minutes + + + + 0 + + + + 0 0 + + + + 
1 hour + + + + 0 + + + + 0 0 + + + 
2 hours + + + + 0 + + + + 0 0 + + 




very poor growth 
no growth 
On t i n -p l a t e and a lumin ium surfaced cans the iodophors are more effective; addi t iona l 
reproduction a f t e r 24 hours is of lower extent , a n d as a contrast to t he application of ni trogenol 
E. coli and col i form practically cannot be found on the surfaces even af ter 24 hours, which is 
impor tant fo r t he guaranteed t ime of the milk. 
The 1 per cent solution of iodophor immedia te ly destroys Pseudomonas aeruginosa bo th 
in a medium of distilled water and in the presence of 10 per cent milk even in the case of an 
ins tantaneous act ion, while nitrogenol is total ly ineffective against i t . 
In a protein-free med ium 1 per cent iodophor solutions destroy the saccharomycetes 
immediately, a n d the hypomycetes within an hour . 
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Table 15 
Bacterium number in post-rinsings after washing with 2 per cent Csepel 12 
and 0.1 per cent Iosan solutions of 65 °C temperature and sterilization 









Rinsings from a 2500 lit. pre-storing container 
Rinsings from a 5000 lit. pre-storing container 
Rinsings from a 10.000 lit. post-storage container No. I . 
Rinsings from a 10.000 lit. post-storage container No . I I . 
Rinsings front a 10.000 lit. post-storage container N o . I I I . 
Rinsings from a 10.000 lit. post-storage container No.IV. 
Rinsings from a 10.000 lit. post-storage container No.V. 
Rinsings from a milk pipe-line 
Rinsings from the filling drum No. I . of a Graham 
Enock machine 
Rinsings from the filling drum No. I I . of a Graham 
Enock machine 
Rinsings from t a n k No.I. of a t a n k lorry 
Rinsings from t a n k No. II . of a t a n k lorry 
Rinsings from t a n k No. I l l of a t a n k lorry 
T a p water 
0 102 practically sterile 
0 102 practically sterile 
0 102 practically sterile 
0 102 practically sterile 
0 102 practically sterile 
0 102 practically sterile 
0 10s practically sterile 
0 102 practically sterile 
0 102 practically sterile 
0 102 practically sterile 
0 102 practically sterile 
0 102 practically sterile 
0 102 practically sterie 
0 102 practically sterile 
Nitrogenol has no sufficient ef fect in practice on t h e hypomycetes, while its 0.1 per cen t 
solution is e f fec t ive against saccharomycetes within 10 minutes . 
When compar ing the bacter ic ide effect of iodophors with t ha t of preparat ions wi th ac-
t ive chlorine c o n t e n t we find t ha t t he iodophors show t h e same efficiency a t a lower active iodine 
concentration. E .g . in attaining prac t ica l sterility under t he conditions of dairy plants, the e f fec t 
of 16.6 ppm act ive iodine is identical wi th tha t of 99 p p m active chlorine. 
An addi t iona l advantage of t h e iodophors is t h a t they are indicators for themselves , 
namely: when the b r o w n colour of the i r aqueous solutions tu rns into amber the i r effect decreases, 
when they become colourless they are completely ineffect ive — as observed by us, too. T h e 
exhaustion of ni t rogenol cannot be demonstra ted in such a simple way unde r operative condi-
t ions. 
Prepared a t the Dairy Trus t , Control Station of Dairy Products , Budapes t . 
BÁNYAI, É. (1961): Kémiai ind iká torok (Chemical indicators) . Műszaki Kiadó , Budapest , 236. 
CzEiDER, L. — WAGNER, A. (1968): A higiéné szerepe a te j termelésben és a te j technológiában 
(Role of hygiene in milk p roduc t ion and technology) . Tejipar , 17, 60. 
DEMETER, К . J. (1934): Bakteriologische Untersuchungsmethoden von Milch, Milcherzeugnis-
sen, Molkereihilfsstoffen u n d Vers tandmater ia l . Urban und Schwarzenberg, Berl in , 
Vienna. 95 — 98. 
DEMETER, K. J. (1967): Bakteriologische Untersuchungsmethoden der Milchwirtschaft . E u g e n 
Ulmer Ver lag , S tu t tgar t , 257 — 258. 
ERDEY-GRUZ, T . — SCHAY, G. (1954): Elméleti fizikai k é m i a II . (Theoretical physical chemis t ry 
II.). Tankönyvk iadó , B u d a p e s t , 383. 
KOVÁCS, J . —MÉSZÁROS, I. (1970): Fertőtlenítés az ál latorvosi gyakor la tban (Disinfection in 
veter inar ian practice). Mezőgazdasági Kiadó, Budapes t , 82. 
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N Y I R E D I , I . (1967): Erprobung der Desinfektionsmittel Wescodyne und Iosan. Repor t s on the 
germicidal activity of Iosan and Wescodyne. Agrochemical Division CIBA, Basel . 31. 
P U N T E R , F . (1969): Der Finf luss verschiedener manueller Reinigungsmethoden auf den Keim-
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PEA VARIETY U J M A J O R I KORAI V I K T O R I A 
Taxonomical place: Pisum sativum L. convar. vulgare ALEF. var. superfluens A L E F . 
Origin: f rom a commercial product by individual selection 
Beginning of breeding: 1947, Újmajor 
State qualification : state certified improved var ie ty , 1959; first accepted 1955 
Breeder: Dr. A. Acs, Debrecen 
General characterization : earliest of the Victoria peas, a husking pea of reliable yield ( K A P Á S 
et al. 1965) 
Morphological description: 
Root system: penetrating medium deep in to the soil 
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Shoot system: vigorous; initial development rap id 
Stem: 80—120 cm high, light green, angularly costate; internodes are thick, 12—14 in 
number ; often procumbent 
Foliage: the large leaves are loosely set on the s ta lk , their colour is yellowish green; the 
leaflets are broad, egg-shaped, smooth-edged with the apex rounded off and end-
ing in a beard-like projection (this may be absent); tendril medium large. 
Flotvers: mostly singly but sometimes in pairs on the floral axis; corolla white, s tandard 
smooth-edged (at the most slightly ondulate) , the base of the standard V-shaped, 
its t ip ending in a sharp tooth. Wing blades are round. 
Legume: l ight green, broad, straight with a b lun t t ip ; its length is 5—8 cm, width 1.2— 
1.8 cm; 4—6 seeds develop in it. 6—14 legumes grow on a p lant . 
Seed: light green when unripe and yellow with a pink shade when ripe; large, round, 
smooth surfaced. Thousand-grain-weight 250—340 g. 
Biological character: 
Vegetation period: from emerging to flowering 37—51 days, from flowering to ripening 
34—44 days; total vegetation period 7 3 — 9 6 days ( I V Á N Y I 1 9 6 6 ) ; early ripening 
(earliest of the similar varieties); ripening can be expected between 4th and 23rd 
Ju ly . 
Water requirement : low; how ever soils of good wate r regime are preferable. 
Resistance to disease: disease resistance satisfactory, and due to its early ripening pests 
cannot a t tack it either. 
Farm technology requirement: 
Seeding: best in March (at the very beginning of spring) 
Soil requirement : sufficiently supplied w ith nut r ients ; the plant soon covers the soil 
and suppresses the weeds ( K A P Á S et al. 1965). 
Productivity : the several years average yield: 10.8 q/cad.yoke (1 cad.yoke = 1, 422 
acres); crude protein content as a percentage of the dry mat te r : 26.8 percent 
( I V Á N Y I 1 9 6 6 ) . 
Region of cultivation : In Hungary it can be successfully grown in Transdanubia, in the nor thern 
parts of the country and in the Great Plain. 
Prepared a t the Department of Botany, Universi ty of Agrarian Sciences, Debrecen. 
G y . M Á N D Y 
R E F E R E N C E S 
I V Á N Y I , S. ( 1 9 6 6 ) : Field peas grown for shelling and fodder (Pisum sativum L.). Results of 
National Variety Trials performed with improved plant varieties 1965. OMFTMI, 
Budapest, 199 — 213. 
K A P Á S , S . et al. (1965): Nemesített növényfajtáink (Improved Hungar ian plant varieties). 
Mezőgazdasági Kiadó, Budapest . 
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FORUM 
O N T H E C H E M I C A L N A T U R E O L " P R O M I N E " A N D " R E T I N E " 
By 
E . T Y I H Á K , A . P A T T H Y 
R E S E A R C H INSTITUTE FOR MEDICINAL PLANTS, 
R E S E A R C H I N S T I T U T E FOR PHARMACEUTICAL CHEMISTRY, B U D A P E S T 
The au tho r s found freely me thy la t ed basic amino acid der ivates in calf thymus and calf 
liver originally s tudied by Szent-Györgyi et al., of which they ident i f ied E-N-trimethyl-Iysine 
and № , N G -d ime thy l -arginine. On a methodological basis and on t h e grounds of pa r t i a l 
biological invest igat ion results a l ready published the au thors proved the ident i ty of me thy la t ed 
basic protein-amino acids with " p r o m i n e " and " r e t i n e . " 
Introduction 
The g rowth promotion or — inhibition of mal ignant t umour s by certain unident i f ied 
components of no rma l cells is a f a c t t h a t has been k n o w n for a long t i m e ( S C H R O E D E R — C O O K 
1939, K E L L Y — M C D O W E L L 1948). Studies in this subject were considerably extended b y 
Szent-Györgyi who, taking his earl ier conclusions a n d part ial exper imen ta l results (SzENT-
G Y Ö R G Y I 1960)in consideration — gave account, f i r s t in a lecture ( S Z E N T - G Y Ö R G Y I — H E G Y E L I 
1962) then in a detailed publ ica t ion ( S Z E N T - G Y Ö R G Y I et al. 1962), of two biologically act ive 
substances found in calf thymus , one of which p romoted the growth of malignant t umour s of 
animal origin and was named p romine , while the o ther , called retine, r e t a r d e d it, and " t h e resul t 
depended on the i r ba lance ."They did not succeed in isolat ing— and consequently in ident i fy-
ing — the two antagonist ic subs tances , nevertheless, on the basis of pape r s published on this 
quest ion ( S Z E N T - G Y Ö R G Y I — H E G Y E L I 1962, S Z E N T - G Y Ö R G Y I et al. 1962, H E G Y E L I et al. 1963) 
some remarkable characteristics of t h e substances can be given: 
a) In a highly acidic m e d i u m (2—3n HCl) t he substances can he precipi tated with Rei-
necke salt, b) T h e substances are of low molecular weight , and the i r physical and chemical 
fea tures are very similar; nevertheless they can be separated by p a p e r chromatography and 
characterized. In t he case of ident i f ica t ion by paper chromatography the presence of choline 
and hetaine was a hindrance, c) R e t i n e has the special characteristic of containing one or more 
unstable groups a n d showing a h igher sensitivity to alkalis than to acids. 
This pre l iminary character iza t ion of the subs tances is the ma in resul t of the f i rs t phase 
of the research on promine-retine. T h e second phase s tar ted with t he publicat ion of E G Y Ü D 
(1965) who on the basis of the in f ra - red spectra of prepara t ions isolated b y Hegyeli and himself 
raised the possibil i ty t ha t retine was a methyl-glyoxal (I) derivative of ni t rogen content which 
was able to form reineckate. Subsequen t ly E G Y Ü D — S Z E N T - G Y Ö R G Y I (1965) studied the effect 
of methyl-glyoxal and some of i ts derivat ives on bac te r ia and generally found an inhibition of 
cell division. At t h e same time a t t e m p t s were again m a d e to isolate re t ine . First E G Y Ü D et al. 
(1967) isolated a compound f r o m calf liver in the f o r m of osazone which they called re t ine . 
Fodor et al. po in ted out tha t th is compound was ident ical with 3-deoxy-D-glucosulose ( I I ) . 
According to S Z E N T - G Y Ö R G Y I (1967) th is compound proved inactive on tumours . As seen f rom 
these investigations the isolation of promine was pushed into the background . At t h a t t ime 
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S Z E N T - G Y Ö R G Y I et al. (1967) regarded retine as some glyoxal derivative, a substrate of the 
glyoxalase enzyme, that is, promine was considered to be this enzyme or its izomers. 
The third phase of the promine-retine research consisted of those investigations in which 
the authors start ing from the failure in isolating promine and retine wished to clarify in the 
f irst place the chemical nature of retine. M A R M A S S E ( 1 9 6 6 ) when s tudying the chemical na ture 
of retine — arrived at the conclusion tha t it was a diketene of N-content (III). According to 
F O D O R et al. ( 1 9 6 7 ) the stability of this compound in aqueous solutions is improbable. E D G A R 
( 1 9 6 9 ) made a remarkable suggestion namely, tha t dehydro-ascorbic acid ( I V ) may be as impor-
t an t an inhibitor as imagined by Szent-Györgyi, the more so because t u m o u r inhibition by this 
compound had already been described by others ( H E I S E et al. 1 9 5 7 ) . A large number of glyoxa-
lase inhibitors have recently been synthetized by V I N C E — W A D D ( 1 9 6 9 ) and V I N C E — D A L U G E 
( 1 9 7 1 ) in order to find some chemotherapeutically important ones among them ( F R E N C H 
F R E E D L A N D E R 1 9 5 8 ) . 
The "methylat ing complex" of red beet (Beta vulgaris var. conditiva) was reported as 
having an influence on tumours in a lecture and publication by T Y J H Á K (1964a,b). Tumour retar-
dation by extracts prepared f rom certain organs of plants belonging to this taxon had already 
been reported in earlier publications ( F E R E N C Z I 1955, T A Y L O R et al. 1956). During our own inves-
tigations in quaterner amin fract ions prepared f rom red beet several unknown Dragendorff-
and ninhydrin positive substances were demonstrated. Detailed examinations proved t h a t they 
were e-N-methylated lysines and guanidino-methylated arginines ( T Y I H Á K 1972). Parallel with 
the former examinations basic proteins either retarding or promoting the tumour growth could 
be isolated from various par ts of the red beet, in which f -N-methylated lysines and methyl-
arginines of some tenth mole percent could also be found ( T Y I H Á K — S Z E N D E 1967—1970, 
TYIHÁK 1972) . 
In the present paper we report on having found free methylated basic amino acid deriv-
atives in calf thymus originally studied by S Z E N T - G Y Ö R G Y I — H E G Y E L I ( 1 9 6 2 ) and S Z E N T -
G Y Ö R G Y I et al. ( 1 9 6 2 ) and calf liver too, fur ther , on a methodological basis and on the grounds 
of partial biological investigation results already published try to prove tha t methylated basic 
protein-amino acids are identical with promine and retine. 
Material and Method 
Thymus gland and liver f rom six weeks old calves were made available by the Meat 
Industry Enterprise of Budapest . The fresh products were used a f te r cleaning and freezing. 
Ion exchangers. Amberlite I B 120 (100—200 mesh); Dowex 5 0 x 8 (20—50 mesh). 
Layers. Spread layers of MN-cellulose powder 300 and Silica Gel G, and precoated plates: 
MN-Polygram Cel 300 and Fixion 50 X 8 (Chinoin, Budapest). Authent ic materials. DL-N e-
monomethyl-lysine HCl (MML), DL-Nc-dimethyl-lysine HCl (DML) and DL-№-tr imethyl-
lysine 2 HCl (TML) produced earlier by total synthesis ( P U S K Á S — T Y I H Á K 1969, P U S K Á S — 
T Y I H Á K 1970), NG-monomethyl-arginine. di-p-hydroxyazobenzol-p'-sulphonate (MMA), NG , 
NG-dimethyl-arginine. di-p-hydroxy-azobenzol-p'-sulphonate (DMA), № , N ' ° -d imethy la r -
ginine, di-p-hydroxyazobenzol-p -sulphonate (DMA'), 1-methyl-histidine, 3-methyI-histidine, 
choline and betaine. 
Production of reineckates of amino acids and amines. 10—10 mg amino acid or amine 
was dissolved in 10—10 ml 6 n HCl, then 10—10 ml 2 per cent aqueous solution of Heinecke-
salt was added to it at a ratio of 1 : 1. The mixed solution was ha lved; one half was kep t at 
room temperature, the other in a refrigerator bo th for 12 hours. 
Enrichment of aliphatic basic amino acids and their derivatives from calf t hymus and 
calf liver. 500 g of both thymus and liver of six weeks old calves were pulpified first with 600 
ml cold (0 °C) 0.9 per cent salt solution for 20 minutes. The cold pulps (0—4 °C) were filtered 
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through a close-woven linen, then the solutions obtained centrifuged with 8000 r .p .m. at 
0 °C tempera ture . This procedure was repeated wi th 400 ml each of 0.9 per cent sal t solution. 
Cold 12 n hydrochloric acid was added at a rat io of 1 : 1 to the t ranslucent solutions of the joint 
supernatant of 1000 ml each, t he precipitate was centrifuged for 5 minutes at 4000 r .p .m. , and 
a 2 per cent aqueous solution of Reinecke-salt added to the supernatant at a ratio of 1 :1. After 
30 minutes the precipitate obtained at room tempera tu re was rapidly filtered. The f i l t r a t e was 
placed in a refrigerator, where — after one n igh t of standing — a precipitate again appeared 
and was f i l tered. The filtered precipitates were each washed with 10 ml cold 3 n hydrochloric 
acid then 50 ml n-hexane. In this way two precipi tates were obtained from both t he thymus 
and the liver of the calf, which were labelled BT- I , BT-II and BM-I, BM-II, respectively. The 
precipitates were each dissolved in 50 ml acetone, and the separated insoluble protein-like 
substances f i l tered through a G-3 filter. 50 ml distilled water was added to each of t he fil trates, 
then each sample was shaken with 3 x 5 0 ml peroxide-free ether. The aqueous solutions thus 
freed from Reinecke-salt were carefully evaporated, and the residues used for the subsequent 
analytical studies. 
Amino acid-analysator methods. 1С—R—L resin was used for the analyses performed 
in a Jeol make JLC—5AH type automatic analysator . The minimum material requi rement of 
the instrument is less than 10" 9 mole. The single-column method was used for a complete anal-
ysis. In this case the temperature of the column at the beginning of the analysis was 40 °C 
for some 25', then 60 °C. When only the basic amino acids were examined, 0.35 n c i t ra te buffer 
was used on a 10 cm resin column, at a column temperature of 25 °C and pH-value of 6.5. 
Buffer velocity was about 100 ml/hour in every case. 
Paper chromatographic method. We reproduced the me thod elaborated b y S Z E N T -
G Y Ö R G Y I et al. ( 1 9 6 2 ) . The following reagents were used for identification: a) ninhydrin reagent: 
0.5 g ninhydrin and 0.05 g copper sulphate in 100 ml acetone, b) Dragendorff reagent : the so 
called Dragendorff reagent containing ethyl ace ta te was used in a composition suggested by 
V Á G U J F A L V I ( 1 9 6 0 ) , and sensitivization erformed with 0 . 1 n sulphuric acid solution was also 
efficient ( V Á G U J F A L V I 1 9 6 0 ) . 
Part i t ion and adsorption layer chromatographic methods. The Silica Gel G layers were 
spread (Desaga apparatus) 250 /t thick then ac t iva ted for one hour a t 110 °C. The layers of MN-
cellulose powder 300 were also spread 250 p thick and left to dry for one night. Solvent mixtures : 
1) n-butanol saturated with n-hydrochloric acid; 2) chloroform-methanol-25% N H 3 ( 4 : 4 : 1 , 
V / V / V ) ; 3) n-butanol-glacial acetic acid-water (4 : 1 : 5). Reagents: the reagents described in 
the paper chromatographic method , but the di lut ion of the Dragendorff-reagent and sensitivi-
zation with sulphuric acid were carried out in t he earlier described way ( T Y I H Á K — V Á G U J -
FALVI 1970). 
Ion-exchange layer chromatographic methods . Analytical methods. The Fixion 5 0 x 8 
ion-exchange layer was equilibrated over 24 hours with the following buffer: 1.4 g citric acid 
+ 0.8 g NaOH + 1.2 ml HCl 37% (sp.gr. 1.19) in 1000 ml final volume (pH = 3.28). The fol-
lowing two c i t ra te buffers were used as eluting mixtures : 1) 40 g citric acid. H 20 + 25 g NaOH 
+ 5 ml HCl 37% (sp.gr. 1.19) in 500 ml final volume: 2) 50 g citric acid. H 2 0 + 30 g N a O H + 7 
ml HCl 37% (sp.gr. 1.19) in 500 ml final volume. Elut ing was carried out at room tempera tu re 
or at 50 °C. An acetonous ninhydrin reagent (as earlier) was used as developing reagent (70 °C). 
Preparative method . Samples to be examined were applied in strips on Fixion 50 X 8 layers, 
and the 2) c i t ra te buffer was used as eluting mix ture . The edges of layers were developed with 
ninhydrin reagent , then on the basis of the strips appearing due to heat ing the layer zones to 
be scraped off were marked. The basic amino acids were eluated with 3 M NH4OH solution f rom 
the scraped off dust layer, concentrated, then dissolved in methanol and dripped on different 
layers for identification. 
Purif icat ion of basic amino acids and the i r derivatives on an ion exchange column 
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(2 X 30 cm). The samples were applied in distilled wa te r on the H r fo rm resin column. 
The column was washed first with distilled water, t h e n with NH,OH solution of increas-
ing molarity. The basic amino acids and their derivatives were found in a relatively enriched 
s ta te in fractions obtained with N H 4 O H solutions of 2.0 and 3.0 mole. Small parts of samples 
BT and BM were applied on the H~ fo rm Amberlite IR-120 column (10 X 10.5 cm), and eluation 
was carried out f i r s t with distilled water , then with 1 M pyridine solution. The basic amino 
acids and their derivatives were ul t imately eluated wi th 3 M NH4OH. 
Results 
Study on the reineckate forming ability of amino acids and amines. The ability of 29 
amino acids with pept ide bonds too, as well as of choline and betaine to form precipitates or 
crystals with Reinecke-salt (NH4Cr(NCS)4(NH3),H20) was studied in a highly acidic medium 
(3 n HCl). According to the study, the reineckate forming ability of amino acids is very di f ferent ; 
this ability is especially great in the basic amino acids, and even more in their methylated deriv-
atives. Therefore, under given conditions the latter can be highly enriched by reineckate for-
mation from an amino acid mixture. 
Paper chromatographic results. Fig. 1 presents schematically the results of our investi-
gations made with the method used by S Z E N T - G Y Ö R G Y I et al. ( 1 9 6 2 ) in s tudying promine and 
retine. Accordingly, lysine and its three c-N-methylated derivatives, bu t f irst of all the e-N-
trimethyl-lysine, remain practically a t the starting poin t , like promine. On the other h a n d , 
arginine and its guanidino-methylated derivatives have a higher Rf value. Symmetric dimethyl-
arginine has the highest R f value fall ing within the Reva lue range given for retine. Fig. 1 
< 0 г 
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Fig. 1. Comparative study on components of calf t hymus- and liver ext rac ts separated wi th 
Reinecke-salt ( W h a t m a n 3 paper, solvent: n-butanol saturated bv n HCl) 5—5 /«g (1) lys ine 
(2) MML (3) DML (4) TML (5) arginine (6) MMA (7) DMA (8) DMA' (9) histidine (10) 1-Me-His 
(11) 3-Me-His (12) choline (13) beta ine; 0.01—0.01 ml (14) BT-I (15) RT-I I (16) BM-I (17) 
BM-I1. 1. ninhydrin-positive; 2. Dragendorff-positive; 3. ninhydrin- and Dragendorff-positive 
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fur ther shows tha t the choline and the symmetric dimethyl-arginine (DMA'), but par t ly t he 
asymmetric dimethyl-arginine (DMA) and the monomethyl-arginine (MMA) too may p a r t l y 
cover each other. In the samples BT and BM not a single component could be identified wi th 
this method. 
Results of layer chromatographic examinations. New possibilities of studying amino 
acids opened with the use of chromatoplates coated wi th resin ( D É V É N Y I — Z O L T Á N 1 9 7 0 ) ,  
which we endeavoured to make use of by elaborating a method suitable for our purposes. Fig. 2 
1 
Fig. 2. Separation of amino acids occurring in peptide bond on Fixion-50 X 8 ion-exchange 
layer. Solvent: 2) buffer. Solvent distance: 16 cm; detection: ninhydrine. (1) Total test; 2—2 
tig (2) lysine (3) MML (4) DML (5) TML (6) arginine (7) MMA (8) DMA (9) DMA' (10) hist i-
dine (11) 1-Me-Bis (12) 3-Me-Bis (13) L-tryptophane (14) L-tyrosine (15) L-proline (16) L-
phenylalanine (17) L-methionine (18) L-treonine (19) L-valine (20) L-leucine (21) L-iso-leucine 
(22) 2—2 fig L-serine, L-alanine, L-glutamine, L-asparagine, L-glutamic acid, L-aspartic acid, 
L-cisteine, glycine 
shows the separation of the 29 amino acids so far identified in the proteins. Accordingly, t h e 
basic protein amino acids and their derivatives can be readily separated by this method b o t h 
f rom one another and from the other amino acids. In Fig. 3 we can see in a similar system (buffer 
1.) the basic amino acids and their derivatives with BT samples, as well as wi th partly desalted 
sample of urine from a healthy grown-up man. It can be seen from the f igure that mainly in 
sample BT-II the presence of a considerable amount of guanidino-methylized arginine a n d 
f-N-methylized lysine as well as other unknown substances can be supposed, bu t identification 
cannot be carried out in this way. Fig. 4 is an example of the identification of s-N-trimethyl-
lysine isolated during the preparative examination of sample BT-I on a Fixion layer. The same 
figure shows the picture of two heterogeneous fractions the components of which were f u r t h e r 
studied by adsorption (Fig. 5) and part i t ion layer chromatographic methods (Fig. 6). In sample 
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Fig. 3. Compara t ive study of basic amino acids, BT-samples and a urine sample on Fixion-
5 0 x 8 layer 2 — 2 fig (1) lysine (2) MML (3) D M L (4) TML (5) arginine (6) MMA (7) DMA (8) 
DMA' (9) hist idine (10) 1-Me-His (11) 3-Me-His; (12) BT-I (13) B T - I I (14) ur ine sample 
I 2+TML 2+0MÁ TML DMA' 3 W MMA DML 3-Me-His 
Fig. 4. Chromatography of B T - I components isolated from F i x i o n - 5 0 x 8 layer on Fixion-
50 X 8 layer wi th authentic subs tances (1) " 2 " (2) " 2 " + T M L ( 3 ) " 2 " + D M A ' (4) T M L (5) DMA' 
(6) " 3 " f r . (7) " 4 " fr. (8) M M A (9) DML (10) 3-Me-His 
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Fig. 5. Separation of basic amino acids by thin-layer chromatography on Silica Gel G layer . 
Solvent: chloroform-methanol-25% NH3 (4 : 4 : 1). Detection: ninhydrin-reagent 
Fig. 6. Separation of basic amino acids by thin-layer chromatography on MN-cellulose pow-
der 300 layer. Solvent: chloroform-methanol-25% NH 3 (4 : 4 : 1). Detection: ninhydrin-reagent 
(1) lysine (2) MML (3) DML (4) TML (5) arginine (6) MMA (7) DMA (8) DMA' (9) liistidine (10) 
1-Me-His (11) 3-Me-His 
4 5 2 FORUM 
3 besides s-N-trimethyl-lysine we succeeded in point ing out the presence of NG, NG-dimethyl-
arginine (DMA), while in sample 4. only NG ,NG-dimethyl-arginine was found to occur. Treat ing 
sample BT-II in a similar way NG ,NG-dimethyl-arginine (DMA) could be identified. S tudying 
samples BM-I and BM-II with the layer chromatographic method the same components could 





Fig. 7. Study of BT-I sample by amino acid analysator 
the case of identifications made with the adsorption- and parti t ion-layer-chromatographic 
methods besides the ninhydrin reagent identification could also be carried out with the Dragen-
dorff reagent on the basis of specific red and orange reactions. 
Qualitative and quant i ta t ive studies by amino acid analysator. The lower par t of Fig. 7 
shows the result obtained by examining sample BT-I in an amino acid analysator. According 
to this beside arginine the sample contained a relatively large quant i ty of a dimethyl-arginine-
like compound, and by adding authentic NG ,NG-dimethyl-arginin (upper part of the figure) 
the respective peak increased. Considering, however, tha t under similar conditions the sym-
metric dimethyl-arginine (DMA ) left the column only one minute la ter , we can only say of the 
investigations made in the present system t h a t compounds of dimethyl-arginine character 
(total dimethyl-arginine) were found in BT-I in an easily measurable quantity. Otherwise, in 
sample BT-I we succeeded in point ing out s-N-methylated lysines, f i rs t of all e-N-trimethyl-
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Fig. 8. S tudy of BMT-H sample by amino acid analysator 
lysine in relatively low quanti t ies compared to the lysine, hut their perfect separation and pre-
cise identification have not been solved so far . Fig. 8 shows the basic amino acid range of 
amino acid analysis made with sample BT-1I. According to this in the sample the quant i ty of 
dimethyl-arginines was nearly the same as t h a t of arginine, and the results corresponded to 
those obtained in layer chromatographic studies. This figure fu r ther shows that the amount of 
total methylated lysines is significant. Fig. 9 presents the most impor tant results of the amino 
acid analysis of sample BM and it can be seen t h a t — besides the arginine — the quan t i ty of 
dimethyl-arginines is also considerable though does not attain the values obtained wi th samples 
prepared in the same way f rom calf thymus. 
Table 1 shows the proportions of basic amino acids and their derivatives found in samples 
BT-I and BT-II to lysine and to one another. The da ta show tha t perfect isolation wi th Reinecke 
salt of methylated basic amino acids was only successful in the refrigerator. Table 2 presents 
the quant i ta t ive conditions of basic amino acids and their derivatives as calculated for 100 g 
thymus gland. The most impor tan t conclusion of these data is t ha t the amount of to ta l dimethyl-
arginine in the thymus of a healthy calf is considerably higher than t h a t of the total methylated 
lysine. 
Table 1 
Proportions of basic amino acids in preparations obtained from calf thymus to lysine and to each other 
Samples His Lys M e
e




B T - I 
B T - I I 
0 .26 









1 1 . 0 
1 .14 
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Fig. 9. Study of BM-samples by amino acid analysator 
Table 2 
Quantitative relations of basic amino acids isolated from calf thymus gland 
Sample 
His Lye Me e - L y s Arg DMA 
micromole/IOO g t h y m u s glan 
BT-I 1 . 2 8 4 . 8 6 0 . 0 6 4 . 2 6 0 . 3 8 
BT-II 0 . 1 0 0 . 9 7 0 . 0 7 2 0 . 4 6 0 . 4 1 
BT total 1 . 3 8 5 . 8 3 0 . 1 3 2 4 . 7 2 0 . 7 9 
Discussion 
In the last few years f -N-methylated derivatives of L-lysine and guanidino-methylated 
derivatives of L-arginine were identified in calf thymus histones ( M U R R A Y 1 9 6 4 , P A I K — K I M 
1 9 6 7 , H E M P E L et al. 1 9 6 8 , P A I K K I M 1 9 7 0 ) , and even their wide occurrence both in a free and 
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a bound form could be pointed out (summarized by T Y I H Á K 1 9 7 2 ) . P A I K . — K I M ( 1 9 6 8 ) found 
two enzyme systems to be present in calf t hymus ; one of them is t he e-NH, group of lysine in 
peptide-bond, while the other is able to methyla te the guanidino group of arginine. 
F r o m the investigation results so far obtained their free occurrence could be expected 
in calf t hym us and calf liver as decomposition products of histones or other proteins. Wi th the 
method used by us we succeeded in enriching, in the form of reineckates, the methylated 
basic protein-amino acids, and so partly identifying them. 
Using the paper chromatographic method employed by S Z E N T - G Y Ö R G Y I et al. (1962) 
we could not identify a single component in preparat ions made f r o m calf thymus and liver, and 
the uncer ta inty in determining the chemical na tu r e of promine and retine is thus easy to under-
stand. 
Unfortunately, S Z E N T - G Y Ö R G Y I et al. ( 1 9 6 2 ) did not publ ish the reagents applied in 
their paper-chromatographic identifications, b u t f rom the remark made in a foot-note, as to 
choline and betaine having disturbed the chemical characterization of retine and promine we 
can conclude on the type of compounds and na tu re of reagents supposedly used. Since choline 
and betaine give no ninhydrine reaction, it is probable that the au thors did not examine their 
preparations for amino acids. Choline and betaine are known to show more than one chroma-
tographic reactions of which the Dragendorff-reaction is one of t he most specific, t h a t is why 
it was used in our comparative studies too (Fig. 1). 
If the compounds found in calf thymus and calf liver, also s tudied by us in a f ree state, 
are to be compared with compounds determined for the structures of promine and ret ine, the 
problem arises tha t we can only present compounds for retine, as promine has only been men-
tioned so far , bu t its exact s t ruc ture has never been described. 
H—C=0 CHO CO 
I I I C=0 6=0 NO- CO 
I I p V I 
H — C — H H — С — 1 1 < — % С О 
H H—с —OH 0 î N — c ' \ 0 / ' — f f 1 II —с 
H — С — O H (
 (
 ( / S ^ S ) H O — C H 
C H - O H Н - C H - O H 
I I I I I I V 
COOH COOH COOH COOH COOH COOH 
I I I » C i e I I I 
H — C — N H » H — C — X H 2 H — Ç — N H J H — C — X H - H — C — X H 2 H - Ç — X H 2 
I I I I I I 
CH2 0H2 ÇH2 ÇH2 Ç'Ho ÇH2 
CH. CH2 CHi CH2 CH2 CH.. 
I I I I I I 
CH2 CH2 CH2 CH2 ÇH2 ÇH2 
CH2 CH. CH- Q NH NH NH 
I I I « C l 9 I I I 
H-N-CH, H3C—X—СНз HsC—X—СНз C=XH Ç=NH C=H — CH; 
СНз H—X—СНз НзС—X— СНз H—X—С II:; 
V V I V I L V I I I I X X 
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As compared to methyl-glyoxal ( I ) ( E G Y Ü D 1 9 6 5 ) , 3-deoxy-D-glucosulose (II) ( F O D O R 
et al. 1 9 6 7 ) , " f r ee" re t ine (III) ( M A R M A S S E 1 9 6 6 ) , dehydro-ascorbic acid (IV) ( E D G A R 1 9 6 9 ) 
t h e e-N-methylated lysines (MML (V), DML (VI), TML (VII)) and the guanidino-methylated 
arginines (MMA (VI I I ) , DMA (IX), DMA' (X)) satisfy t h e original criteria of promine-retine, 
name ly , in a highly acidic medium f o r m reineckate, conta in nitrogen, are of highly similar 
s t ruc tu re , of low molecular weight; a rg in ine itself, bu t more so its guanidino-methylated deriv-
a t ives are easy to decompose, contain an unstable group and are more sensit ive to alkalis t h a n 
to acids. 
As to the biological activity of t h e substances, S Z E N D E et al. ( 1 9 7 0 ) were the first to point 
o u t the significant t umour growth promot ing effect of DL-N£-trimethyl-lysine, and today 
extens ive studies a re carried on with t h i s compound of specific activity by t h e above work col-
lect ive ( K O P P E R el al. 1 9 7 1 ) . The o ther two e-N-methylated lysines have A similar st imulating 
e f fec t on tumour growth (Annual r e p o r t of the I n s t i t u t e of Pathological Anatomy, 1 9 7 1 ) . 
DL-N£-dimethyl-lysine promoted the growth of tobacco tissues to a considerable extent too , 
toge ther with an essential change in t h e histone spectre ( T Y I H Á K et al. 1 9 7 1 ) . The retine charac-
t e r of guanidino-methylated arginine derivatives will be unambiguously decided by the current 
biological investigations. 
On the basis of earlier exper imenta l results it was supposed ( T Y I H Á K 1 9 7 2 ) , and now, 
a f t e r investigations made with calf t h y m u s and calf l iver, it is stated t h a t i t was these amino 
ac id derivatives occurring in traces b u t biologically ac t ive that S Z E N T - G Y Ö R G Y I el al. ( 1 9 6 2 , 
1963) isolated in the i r original work, however, they did so together wi th impurities. 
The investigations made with methyl-glyoxal- or glyoxal derivatives may be an impor-
t a n t contribution t o solving the p rob lem of cancer, bu t in the original work much more was a t 
s t a k e ; it was about the existence in n o r m a l tissues of such substances as being in relation wi th 
g rowth in general, a n d with fert i l i ty and even muscles too. We only a d d now that the e-N 
methyla ted lysines and methyl-arginines have recently also been found e.g. in myosins and act ins 
of the most diversified origin ( H U S Z Á R — E E Z I N G A 1 9 6 9 , H A R D Y et al. 1 9 7 0 , R E P O R T E R — C O R -
B I N 1 9 7 1 ) . H E G Y E L I et al. ( 1 9 6 3 ) f o u n d retine in h u m a n urine too, b u t could not identify it 
e i ther . I t is very interesting that re la t ively large quant i t i es of e-N-methylated lysines a n d 
methyl-arginines h a v e recently been pointed out in t h e human urine too (ASATOOR 1 9 6 9 , 
T Y I H Á K 1 9 6 9 , K A K I M O T O - A K A Z A W A 1 9 7 0 ) . 
Summing u p we can say t h a t t he e-N-methylated lysines ident i f ied with " p r o m i n e " 
a n d the guanidino-methylated arginines identified wi th " re t ine" are c o m m o n products of t h e 
l iving including t h e human organism, which, as ye t , have mostly u n k n o w n functions, there-
fore the study of the i r formation and occurrence in free and bound forms offers immense possi-
bilities to therapy as well. 
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C O N T R I B U T I O N S T O T H E P A P E B O F M. K E C S K É S , J . M. V I N C E N T : 
" C O M P A T I B I L I T Y O F F U N G I C I D E T B E A T M E N T A N D R H I Z O B I U M 
I N O C U L A T I O N O F V E T C H S E E D " P U B L I S H E D I N T H I S 
P E R I O D I C A L , 22 (1—2) 
W H A T E F F E C T D O E S T H I R A M H A V E ON T H E N O D U L A T I O N OF V E T C H PLANTS 
U N D E R D I F F E R E N T S O I L AND CLIMATIC C O N D I T I O N S ? 
The aim of the paper under discussion is to test the compat ibi l i ty of t he fungicide t rea t -
m e n t of legume seeds and nodulation in t he case of Vicia faba. Unconvent ional ly , this paper 
does no t consist of special chapters concerning methods, exper iments and discussion. On the 
con t ra ry , the authors s t a t e their results as a hierarchy of exper iments s tar t ing wi th simple in 
v i t ro- tes ts and finishing wi th field trials. This method, I f i nd , is indeed a possible one, bu t no 
doub t i t renders the reading more diff icul t . 
The l i terature discussed is arranged in three periods (1926—41, 1941—58, 1958 up to 
now). This division in th ree phases may be just if ied, however , it would have been useful to 
ment ion the causes of th is phenomenon produced by changes of the fungicide spectrum. The 
list of the papers cited, of course, never can be complete, b u t the publicat ions of D I A T L O F F 
(1970) f rom Australia, G I L L B E R G (1971) f r o m Sweden and some other authors should have been 
ment ioned . 
The experiments hav ing been made during a stay of t he f i rs t author in Australia are 
repor ted and discussed in t he following sequence: 
1 . T h e inhibition of the g rowth of Rhizobium leguminosarum on agar plates b y fungicide-
dressed seeds and fungicide- t reated f i l ter disks. 
2. The survival of Rhizobium on fungicide dressed seeds. 
3. The nodulat ion of vetch p lan t s having developed out of t r ea t ed seeds and growing on seedling 
agar . 
4. The nodulat ion of ve tch p lan ts having developed out of dressed seeds in sand culture. 
5. The nodulat ion in Rhizobium-deficient soils a f ter seed-dressing, par t ly with and par t ly with-
ou t inoculation in a green-house test . 
6. The nodulat ion in a f ield tr ial . 
The following 7 prepara t ions were t e s ted : Panogen and Ceresan conta ining Hg as an 
act ive ingredient , Cuprox containing Cu, Cap tan , Thiram and the quinones P h y g o n and Sper-
gon. 
The results obta ined show: 
1. I t is only the seed- t rea tment with Th i ram t h a t does not diminish the nodula t ion of vetch 
p lan t s , the application of all the other preparat ions declines t he development of nodules. 
2. Out of the several tes ts only the s tudy of t he survival of Rhizobium on t rea ted seeds and the 
green-house experiments agree in their resul ts with the most impor t an t a ssay—the field trial. 
3. The fungi toxic effect of T h i r a m assayed b y inhibiting the roo t ro t pathogen Thana tephorus 
cucumeris (Frank) Donk renders very well. 
4. The nodulat ion occurring only at the la tera l roots is a sign of reduced inoculat ion by Rhizo-
b ium. 
In their paper the au thor s clearly s ta te their results. However the quest ion is, why they 
have described in detail t he in vi tro-tests t h a t are of little in teres t in the evalua t ion of the real 
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compat ib i l i ty of the fungic ide- t rea tment of l egume seeds and the i r nodulation. A shor t summary 
of the mos t important resul ts would have been sufficient for unders tanding the quintessence 
of the t es t s compared. 
The publication u n d e r discussion con ta ins some mis takes and misprints. T h u s the name 
of the pa thogen fungus should have been w r i t t e n "Thana t epho rus cucumeris" and the state-
ment of t he toxicity ra t ios (p. 6) is not correc t either. 
On the whole, the t e x t concerning t h e in vitro-tests is too long. However we can thank 
the au tho r s for their successful efforts to f i n d in Thiram a very useful fungi tox ic preparat ion 
for t r e a t i n g vetch seeds against fungal pa thogens without damage to the nodula t ion of this 
p lant . However , it seems to be necessary, to confirm this impor t an t result under other soil 
and c l imate conditions. 
K . N A U M A N N 
Ins t i tu t fü r Phytopathologie 
D A L 
Aschersleben, 
Theodor-Roemer Weg 1/4 
D . D . R . 
H O W DO LOSSES I N N O D U L A T I O N C O M P A R E W I T H R E D U C T I O N I N H E A L T H Y 
S E E D L I N G S F R O M A N ECONOMICAL ASPECT? 
Seed protectants are applied pr imar i ly to protect seedlings from infect ion by seed- or 
soil-borne pathogens. F o r this , a high fungic ida l potency is required. Side-effects of seed pro-
t e c t a n t s are usually l imited to those eases where seeds are simultaneously inoculated with 
organisms essential for t he development of crop plants. 
T h e paper under discussion deals w i t h the exceptional case of a coincidence in space 
and t ime between Rhizobia and seed. Based on the occurrence of negative side-effects, the au-
thors h a v e arranged seed protectans in an order of sui tabi l i ty , with Thiram as the least toxic 
chemical . I n doing this , it should not be overlooked t h a t t h e primary func t ion of Thiram, as 
ment ioned above, is as a seed protec tant . Unfor tuna te ly , the very impor tan t economical aspect 
of weighing losses in nodula t ion against r educ t ion in heal thy seedlings has not been considered 
by the authors . In vi t ro experiments wi th t he soil pathogen Thanatephorus (not Thanetophorus.') 
cucumeris offer no compensat ion for th i s shortcoming. 
W h e n using pure laboratory t echn iques for the evalua t ion of toxic ef fec ts , particularly 
in combina t ion with n u t r i e n t media, be t t e r use should be made of the present s t a t e of knowledge. 
N u m e r o u s effects of fungicides can be der ived from their physical and chemical properties. 
I t mus t be f u r t h e r pointed out , t h a t simply citing 56 per t inent publ icat ions , without 
discussion of how the present work is r e l a t ed to those s tudies , seems to be inconsistent with 
t he purpose of exchanging ideas and c o m m e n t s in the " F o r u m " . 
K . H . D O M S C H 
Ins t i tu t f ü r Bodenbiologie, 
Forschungsans ta l t f ü r Landwir t schaf t , 
Braunschweig-V ülkenrode, 
D . B . R . 
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CAN M E R C U R I A L SEED D R E S S E R S BE E X C L U D E D FROM T H E SEED T R E A T M E N T 
OF CULTIVATED PAPILIONACEAE OWING TO T H E I R G E R M DAMAGING AND 
MICROBICIDE EFFECT ? 
The paper extending to 25 typewrit ten pages with 11 tables, published in the Forum 
column deals with an important subject , as it wishes to give an answer to the question: what 
are the direct and indirect effects of the seed t r ea tmen t of cultivated plants belonging to the 
family Fabaceae with fuagicides on the Rhizobium leguminosarum species promoting the devel-
opment of these plants. The experiments were performed in 3 phases, partly in the fo rm of 
laboratory tests, partly as Rhizobium inoculation glasshouse- and light chamber- and outdoor 
small-plot experiments, respectively, using Vicia sativa seeds t rea ted with fungicides. The 
results were evaluated on the basis of the dry-mat ter weight of samples taken from 12 and 18 
weeks old p lan t stands, and by the analysis of root nodule forms described by the authors . 
The harmful or stimulating effects of fungicides on bo th inoculated and control samples were 
studied. 
I t was not surprising tha t of the fungicides used for seed t rea tment f irst of all the mercu-
rial preparat ions (e.g. Ceresau) and the highly agressive Spergon decreased significantly the 
effect exerted on the rhizobium inoculation, while a t the same time Thi ram containing TMTD 
active ingredient increased it. 
Captan, containing phtalimide immediately followed Thiram iu its favourable effect , 
proving good, sometimes even bet ter than the la t te r — e.g. in the B-serie of experiments —-
especially in the laboratory experiments. The results were always evaluated by the presence 
or absence of the root nodules, by their number and distribution, and on the basis of the pa t t e rns 
of root nodule formation, and it was found tha t Thi ram and Captan had no harmful effects on 
the rhizobia, moreover, sometimes even a certain stimulative effect could be felt. Of the mercu-
rial chemicals panogen is au unstable fungicide, as in the case of seed t r ea tmen t after some t ime 
its microbicide effect decreases considerably. Preparat ions of copper content (Cuprox) showed 
moderately inhibiting or destroying microbicide effects. Likewise, it would have been 
important to t ry the activity of the zineb and maneb type fungicides applied for grain 
immersing. 
I t is regrettable that the Captan-like preparat ions (e.g. Orthocid) were not given proper 
emphasis in field t reatments af ter the preliminary laboratory- and glasshouse experiments, 
since they are supposed to be — beside TMTD — similarly favourable and stimulating, or a t the 
worst indifferent fungicides, which may be used for the seed t reatment and simultaneous rhi-
zobium inoculation of vetches and other cultivated papilionaceae beside Thiram. This fac t 
should be all the more so emphasized as in Hungary TMTD and Captan are permitted to be 
used at a rate of 2—3 g/kg for the seed dressing of vetches, beans, peas, lentil, lupine and other 
cultivated papilionaceae. 
For tunate ly , the phytotoxic mercurial seed dressing preparations, which have a germ 
damaging effect on the seed of cultivated papilionaceae, have also affected — due to their high 
microbicide action — the rhizobium inoculations unfavourably and thus can be completely 
excluded f rom the seed t reatment of the cultivated papilionaceae (e.g. alfalfa and clover). 
They have to be replaced everywhere first by TMTD and in the second place by preparat ions 
of Captan content . According to the results of experiments it is mainly TMTD that can be 
recommended for a joint application with rhizobium inoculation. 
The authors ' experiments were conducted over several years with great circumspection 
in a wide field. The experiments were planned at an up-to-date level and well thought over. 
The fungicides used were properly chosen; we might ju s t add that if the experiments were 
continued, fungicides containing benomyl (benlate) ought to be included besides the T M T D 
and Captan active ingredients. A great merit of the authors ' work is t ha t the evaluation of t h e 
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fungicides was performed on sound bases, since on the grounds of the various patterns of root 
nodule formation they elaborated a uniform system of evaluation. 
G . U B R I Z S Y 
Research Ins t i tu te for Plant Protection 
Budapes t II , 
H e r m a n O. u. 15. 
W H A T IS T H E CONNECTION B E T W E E N T H E L I T E R A T U R E U S E D AND T H E 
OBTAINED R E S U L T S ? 
The problem discussed in t h e work by M. Kecskés and J . M. Vincent is very interesting 
fo r both: science and agricultural practice, as can be seen from the list of numerous bibliography 
a t the end of t h e work. 
It is my opinion that the work would have gained in its value if the basic research prob-
lems of the dif ferent periods had been given in the historical review of the literature. 
In this s t u d y the effects of six organic and an inorganic fungicide (Panogen, Ceresan, 
Cuprox, Thiram, Captan, Phygon and Spergon) on seven strains of Rh. leguminosarum. sp. and 
their nodulation wi th Vicia sativa L. were examined. The experiments were carried out in labo-
ratory, lighted room, glasshouse a n d in the field. The applied methods as well as the evaluation 
of the results were correct and modern , quite at the level of present day science. 
The fungicide treated seed a n d fungicide impregnated filter discs showed consistent and 
large differences among fungicides when the method of inhibition zones was applied. The most 
toxic fungicide was Panogen. The other Mercurial, Ceresan was the second potent. Cuprox, 
Thiram, and Captan comprised t h e intermediate group. The least potent were Phygon and 
Spergon. 
In the case of Phygon the growth of most of the strains was delayed but not altogether 
prevented. 
Of all t he examined fungicides Panogen was the most unstable , especially when stored 
in a lighted place over a long period of time. 
The examinat ion of the v e t c h plants' nodulation on both seedling agar and washed river 
sand showed ve ry similar results. 
Ceresan completely prevented or caused 46 percent delayed nodulation. Thiram and 
Captan were t h e least inhibitory, while Spergon, Phygon and Panogen showed intermediate 
inhibition. 
The occurrence and dis tr ibut ion of nodules were carefully evaluated in the glasshouse 
experiments w i t h Thizobium deficient soils. • 
An early nodulation (78—85 percent) on t a p roots, which were inoculated bu t were 
not fungicide t rea ted was indicated in all the three types of soil. Wi th all the fungicides except 
Thiram the n u m b e r of tap root nodulated plants was significantly lower than with the control. 
Panogen and Ceresan were the mos t incompatible of the examined fungicides. Ceresan, Phygon 
and Spergon caused considerable delays. 
The delay in nodulation caused by Ceresan varied on the Lismore soil. The field trial 
results agreed wi th the results obtained under glasshouse conditions. The location of the nodules 
and their number indicated the incompatibility of Ceresan and Spergon as opposed to Thiram. 
A very impor tan t result of the research was tha t the percentage of crown plants is in correlation 
with the yield. 
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This work gave the answer on the compatibil i ty between the rhizobium inoculation of 
vetch and the fungicide t rea tment . Thiram was found to be the most compatible fungicide. 
This work also has methodical value because i t evaluates different methodical value because 
it evaluates different methodical treatments. 
The work deserves considerable at tention and will be found interesting for both scientists 
working in this area and agronomist practicioners. However, the work would have been more 
valuable if the literature used in the work had been better connected with the obtained results 
which would enable a reader to judge for himself on the novelties in the work as well as the 
problems which were faced in the course of the experimentation. 
Z . S A R I C 
Agricultural Facu l ty , 
Depar tment of Microbiology, 
Novi Sad 
W H A T A R E THE D I F F E R E N T RESPONSES OF RHIZOBIUM TO INDIVIDUAL 
F U N G I C I D E S IN D I F F E R E N T SOILS? 
This paper deals with very important topics on the relationships between the fungicides 
in present agricultural use and Rhizobium leguminosarum as an organism causing the nodulat ion 
of vetch roots . 
The introductory brief historical review gives the necessary understanding a b o u t the 
development of chemicals applied in plant protection in the last half a century and the micro-
bial aspects of their effects. 
The six fungicides examined in the present study represented the most impor tan t 
groups of fungicides used in agriculture today. 
The experimental scheme is clear and enables the good comparison of the effect of indi-
vidual t rea tments . 
I t has been demonstrated that there are big differences in the compatibility of nodule 
microorganisms to individual fungicides. In general, Ceresan had the most harmful effect on 
plant root nodulation whereas Thiram was the least injurious. The biological tests yielded almost 
the same results whereas the laboratory agar plate test did not give satisfactory responses. 
The effect of the soil, where the plants are grown, is also of distinct importance. I t is 
regrettable t h a t the authors did not explain the different responses of Rhizobium to individual 
fungicides in different soils. 
The increased dry top weight of inoculated and Thiram-treated plants in comparison 
with those j u s t inoculated as well as the yield depression after the application of Ceresam or 
Spergon allows further conclusions on the mutual effect of Rhizobium and fungal parasites on 
vetch. The authors did not make full use of this opportunity. 
Summarizing, it could be said that this paper gives very impor tan t information on the 
possibility of simultaneous Rhizobium inoculation and the fungicide t rea tment of vetch seed. 
There is a great need for these data at present. 
B . N O V A K 
Vyzkumné Ustavy Rostlinné Vyroby, 
Praha 6 — Ruzyne, CSSR 
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WHAT M E T H O D S SHOULD B E USED FOR T H E FUNGICIDE TREATMENT 
A N D INOCULATION OF LEGUMINOUS PLANTS? 
In this paper the authors give the results and their carefully made interpetations of a 
long and original investigation about the compatibility of fungicide t r ea tment and rhizobium 
inoculation. This problem is very impor tan t not only f rom a theoretical bu t also from a practi-
cal point of view. The inhibitory effect of pesticides on plants, soil microorganisms, animals 
a n d human beings is a basic problem today. The investigation of Dr. Kecskés and Dr. Vincent 
on this basis gives a practical contr ibut ion to the work of modern agriculture. 
The way the authors state t he problem and elaborate it shows their competency and 
erudition. The long list of cited l i terature — with more than 50 titles makes a very good 
impression. 
The authors investigated six organic and one inorganic fungicide for the t reatment of 
ve t ch seed inoculated by seven s t rains of Rhizobium leguminosarum sp. F rank . They also inves-
t igated their nodulat ion with ve tch (Vicia sativa L.). The authors performed precise experi-
men t s using different methods, e.g. the agar diffusion method, the determination of the survival 
of rhizobia on inoculated seed, the nodulation of vetch plants on seedling agar, in washed river 
sand and in soil and also the determinat ion of the p lan t yields in field trials. Using so m a n y 
different methods t he authors have succeeded in gathering a big quant i ty of data of different 
points of view. This has enabled t h e m to draw a correct conclusion about the compatibility of 
fungicides with inoculation with rhizobia. 
The results are shown in 11 tables. They give a very good and detailed illustration of 
t h e investigation. They show the superiority of Th i ram over all other fungicides used in the 
experiment. The da t a of the agar diffusion method detect some markedly incompatible sub-
stances, e.g. Panogen and Ceresan. The data from the different trials correspond very well with 
each other. E.g. t he data of the glasshouse trials correlate very well with the final criterion — 
the field trial. This allows in a highest degree the au thors to make correct conclusions. 
The investigation of Dr. Kecskés and Dr. Vincent is very useful for agriculture. I t is 
important not only for the purpose of vetch cultivation bu t also for all leguminous plants sub-
ject for t reatment by rhizobia as inoculum. It is necessary in the fu ture t h a t such investigations 
should by all means be done before undertaking the fungicide t r ea tment and inoculation of 
leguminous seeds. The authors show methods for th is purpose and some of them are simple, 
e.g. the agar diffusion method. I t can be applied in every agricultural laboratory. It is not ex-
pensive and does no t take a long t ime or require special equipment. The authors show tha t using 
fi l ter discs is be t t e r than seeds t rea ted by fungicides in this method. There are also other similar 
methods by using holes with fungicides in agar or r ings of agar preliminarily treated by fungi-
cides instead of using filter discs. They are also good and only special investigation may deter-
mine which of t h e m is the best for a concrete purpose. 
D . B A K A L I V A N O V 
Poushkarov Inst i tu te of Soil Science 
and Agrochemistry, 
Boulevard 9. Septemviri 136. 
Sofia, 18, Pavlovo 
WHAT ARE T H E EFFECTS O F D I F F E R E N T FUNGICIDES ON RHIZOBIUM SP. 
AND NODULATION ON T H E ROOTS O F LEGUMINOUS PLANTS? 
Chemicalization in agriculture has led to the use of a great number of different pesticides 
(insecticides, fungicides, herbicides) for the control of pests, diseases and weeds in crops. Most 
frequently these chemicals are complex chemical substances with great physiological act ivi ty . 
This makes it necessary to clear up a lot of problems concerning their use - their action and 
Acta Agronomica Academiae Scientiarum Hungaricae 22, 1973 « 
FORUM 4 6 5 
effect, penetration and metabolism in plants , the residual quantit ies of these chemicals in the 
produce and so on. 
During the last decade thorough investigations have been conducted in many countries 
for clarifying the problems related with the absorption, metabolism and detoxication of pesti-
cides in the soil, as well as their influence on soil microflora and the intensity of microbiological 
processes. Of the various microorganisms in the soil, the subject of more extensive investiga-
tions in this direction were free living N-fixing bacteria of Azotobacter and Clostridium pasteu-
rianum. I n recent years investigations for establishing the effect of different pesticides on the 
bacteria of Rhizobium sp. and nodulation in the roots of leguminous plants have increased. 
A greater par t of these investigations refer to the herbicides ( C A R L Y L E — T H O R P E 1 9 4 7 ; F L E T -
C H E R — S M I T H 1 9 6 4 ; C H E T Z A L I N 1 9 6 4 ; Y O R D A N — G A R T Z I A — G E R A R D 1 9 6 6 ; N E P O M I L U J E W — 
B E B I N — K U S J A K I N A 1 9 6 6 ; R A N K O V — E L E N K O V — S U R L E K O V — V E L E V 1 9 6 6 ; H A M D I — T E U F I K 
1 9 6 9 ; R A N K O V — E L E N K O V 1 9 7 0 ; H A U K E - P A C E W I C Z O W A 1 9 7 1 ; K E C S K É S — B O R B É L Y — B O R -
B É L Y — E L E K 1 9 7 2 ) . 
A great interest for agricultural practice is the problem of the influence of fungicides 
on Rhizobium sp. and nodulation when the seeds of leguminous plants are t reated with them. 
This investigation is devoted to this problem. The work also summarizes some other investiga-
tions of t he authors on the problem ( K E C S K É S — V I N C E N T 1 9 6 9 , K E C S K É S 1 9 7 0 ) . 
Afte r a profound review of the problem, in 8 sections, the authors discuss the effect of 
different fungicides on strains of Rh. leguminosarum under laboratory conditions and nodula-
tion on vetch roots ( Vicia saliva) in vessel experiments in the glasshouse and under field condi-
tions. So in the conducted laboratory and vessel experiments (section I to VI) the effect of the 
fungicides tested on strains of Rh. leguminosarum is studied — Inhibition zone on seeded agar 
plates and with impregnated filter discs; Influence of fungicide on the survival of rhizobia on 
the inoculated seed; Nodulation of vetch p lants on seedling agar; Nodulation in washed river 
sand and nodulation in Rhizobium deficient soils — glasshouse experiment, carried out on 3 
different types of soil, using vetch (V. sativa) as test-plant in these cases. 
Section VII gives the results under field conditions, while section VIII gives a conclusion 
of the results obtained. In the experiments with nodulation in vessels or under field conditions 
the presence or abscence of nodules, their number and distribution on the rooc system is noted. 
The influence of 7 fungicides — Panogen, Ceresan, Cuprox, Thiram, Captan, Phygon 
and Spergon is studied. 
I n the investigation different t rea tment combinations are used — with or wi thout fun-
gicide, and with bacteria. 
The results obtained are well illustrated in 11 tables. The different toxicity of the fungi-
cides depending on the chemical composition, length of t rea tment and storage conditions are 
emphasized. 
Of fur ther interest is the investigation on the effect of these fungicides on the develop-
ment and productivity of vetch (V. sativa) and plant responses. For instance, the investigation 
carried ou t under field conditions during the growing season with the herbicide monolinuron 
indicated t h a t initially the herbicide depressed nodulation on bean roots (Phaseolus vulgaris) 
( E L E N K O V — S U B L E K O V — R A N K O V — V E L E V 1 9 7 0 ) . This depression was short-term af ter which 
there was an initially low, bu t after that high stimulation effect on nodulation. This led to an 
increase of not only the above-ground material , but also of the yield of the bean (9.5% higher). 
It is also known, that the biological fixation of nitrogen from nodule bacteria is connected with 
the symbiosis between t hem and leguminous plants. The other investigation, carried out with 
the herbicide Trifluralin during the growing season of 11 bean varieties (Phaseolus vulgaris) 
showed t h a t the influence of the herbicide on the root nodulation of different varieties is differ-
ent ( R A N K O V — E L E N K O V 1 9 7 0 ) . The changes in nodulation in this case are explained with the 
response of the varieties. 
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Finally we h a v e to note, tha t the great experimental work gives an opportuni ty to esti-
m a t e the effect of the fungicides included in the investigation on Rh. legiiminosarum and nodu-
la t ion on vetch roots (V. sativa). 
The investigations are also interesting from a methodical aspect. Undoubtedly this inves-
t iga t ion will contribute to the broadening of the knowledge in the sphere of modern theory and 
pract ice on the problem. We can expect positive appraisal and grat interest f rom the readers — 
specialists in this sphere. 
Y . R A N K O V 
Head of Laboratory in Agrochemistry 
and Soil Microbiology a t the 
"Mari tsa" Inst i tute for Vegetable Crops, 
Plovdiv, Bulgaria 
CAN T H E NODULATION BIOASSAY OF PAPILIONACEAE BE U S E D FOR TESTING 
THE L E V E L O F PESTICIDE (FUNGICIDE) R E S I D U E S IN T H E SOIL? 
The nodulation bioassay elaborated by the authors provides data easy to evaluate for 
t h e comparison of t he damaging effects caused by fungicides (in general pesticides). Generaliz-
ing the obtained results , the influence of pesticides on the microbial activity of the soil can be 
reasonably characterized by the nitrogen f ixat ion of rhizobia and the inhibition of nodulation. 
The intensity of ni t rogen fixation, and inhibition of metabolism in the nodulat ion organisms 
provide direct quan t i t a t ive data for f inding a correlation wi th the level of chemical residues in 
t he soil, further, the different special fungicides could be classified by their toxic effect on soil-
borne microorganisms. Especially this la t te r state of affairs offers a possibility for comparing 
t h e degree of compatibi l i ty of the nodulat ion organisms, evaluate the biological activity of 
agen t groups in re la t ion to the application of different chemicals on the basis of a qualification 
of side-effects. 
Correlation between nodulation inhibition and pesticide-like chemical residues (metabol-
ic inter-products) is a multifactorial correlation in the development of which synergic effects 
m a y play a role too, still it is almost the only possibility of microbial soil testing, since the 
qualification of biological effectivity is much more sensitive than the microchemical identifi-
ca t ion. The extent of soil contamination is not a negligible question from the point of view of 
environmental protect ion either, and the multifactorial correlations too can only be interpreted 
by a biological da t a survey. 
Qualification of differences in compatibility between the nodulation organisms (from 
incompatibility to a high degree compatibil i ty) as well as interpretation of relations with the 
metabolic processes, when based on an extensive fungicide testing, may provide highly valuable 
information for the s tudy of multifactorial correlations. 
Subsequently the question of na tu ra l selection in the Rhizobium strains is raised on theo-
ret ical and practical levels, first of all in relation with resistance to pesticides widely employed 
in f a rm practice. I t is highly probable t h a t under the influence of an increased fungicide appli-
cat ion in the last several years, strains possessing some resistance compared to Rhizobium strains 
living in symbiosis wi th the vegetation components of nat ive grass fields have already been 
selected. Consequently it is supposed t h a t on synthetic culture media general and special fun-
gicide tolerance in t he nodulation organisms can be increased by the application of fungicides, 
a n d tha t — by a lucky recognition of the exceedingly low number of inductions — the extreme 
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types of fungicide resistance appear too. The latter on the other hand are of very great impor-
tance in the corrected increase of soil productivity. 
The high number of fungicides used in practice is expected to increase still further in 
the near future, and the nodulation bioassay elaborated by the authors will play an important 
role in determining the compatibility levels through in vitro cultures and field experiments alike. 
The identification of chemicals showing an especially high toxicity as well as a systematic plan-
ning of fungicide rotat ion offer more concrete possibilities for considering the application of 
pesticides. The characterization of pesticides by nodulation organisms provides — with the 
agent groups, compound types and levels — data obtained by new objective methods for the 
realization of environmental protection, through an integrated view of plant protection. 
The study of metabolic processes, biochemical mechanisms and bioenergetic equations 
of nodulation organisms, supposedly f i rs t in relation with the compatibility degrets, is a highly 
impor tan t subject. The publications of the most recent years reveal tha t the nodulation organ-
isms are able to reduce the molecular nitrogen (N,) directly, by means of reduced NAD and 
N A D P coferments, through proton t ransfer processes. The direct or indirect role played in the 
reduct ion by the haem type compounds which occur in outstandingly large numbers and high 
concentrations in the rhizobia is not known. The fundamental ly biochemical process in the 
nitrogen fixation takes place in three steps, or else, three different mechanisms quite independ-
ent of one another are supposed to be involved: 
1/2 N2 + 2 H + — —NH2  
1/2 N2 + 3 H + - NH3  
1/2 N2 + 4 H + - —NH4 
On the other hand, it is already quite certain t h a t the continuous reduction of NAD 
and N A D P may originate from either photosynthetic or oxidative phosphorylation. The sym-
biosis of nodular organisms with plants suggests that they take more advantage of the received 
reduced coferment system. At the same time, the nodular organisms are able to survive for 
a long time even without Papilionaceae, so they are supposed to be able to cover the metabolic 
reduct ion at the expense of oxidative cell respiration, probably with a very low intensity. 
A turn over level determination of the absolute and relative intensity values of the ni-
trogen fixing reaction originating f rom the two different bioenergetic processes, in relation 
wi th the biological effectivity of various toxicity pesticides, is expected to provide more con-
crete possibilities for the interpretation of compatibility and/or fungicide resistance in the 
nodular organisms. Studies on the selective inhibition of biochemical mechanisms and bioener-
getic processes not only lead to the recognition of biological effectivity in the special agent 
groups bu t also explain the activity of the nodulation organisms in the soil even in relation to 
the multifactorial interactions. 
B . I . P O Z S Ä R 
Insti tute of Agrobotany, 
Tápiószele 
W H A T IS T H E BEST WAY FOR TESTING T H E COMPATIBILITY OF FUNGICIDE 
TREATMENT AND RHIZOBIA INOCULATION OF LEGUMINOUS PLANTS? 
Kecskés and Vincent in their article concerning the compatibility of fungicide t reatment 
and rhizobia inoculation of leguminous plants speak about a very actual problem. I t is of great 
importance to know wha t is the possibility of using seed inoculants together with pesticides, 
part icularly with fungicides. 
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The work of Kecskés and Vincent concerned the effect of seven different fungicides on 
seven strains of Rhizobium leguminosarum Frank and their symbiosis with vetch. The experi-
ments were carried out in a laboratory and under field conditions. 
In conclusion the superiority of Thiram over all other fungicides was recognized as evi-
dent . On the other hand Ceresan appeared very toxic to Rhizobium. The differences between 
these two fungicides were beyond any doubt . The other fungicides intermediate in effect, were 
indistinguishable. 
The laboratory tests were made with only one dose of each fungicide according to the 
manufacturers directions. Our earlier studies G O L E B I O W S K A — K A S Z U B I A K ( 1 9 6 5 ) proved tha t 
different strains of single species of Rhizobium differ markedly in their reaction to fungicides. 
For example Thiram was inhibitory to different strains of Rh. leguminosarum on pea in a range 
f rom 100 to 600 /tg/ml of liquid medium and phenylmereuric acetate respectively from 10 to 
30 /«g/ml. The similar differences among the strains of other species of Rhizobium were observed 
too. I t is possible tha t by testing numerous doses of fungicides, and using more strains of rhizo-
bia, the experiments could be more detailed and the differential inhibition of fungicides inter-
mediate in effect could be determined more earily. 
Comparing plant tests the authors talked about the superiority of the soil core method. 
Good repeated results were recorded under the employed conditions but Rhizobia — deficient 
soils were used for the tests and the local strains of Rhizobia, different in their reaction to dif-
ferent fungicides could not make these results out of order. Thus taking into account the local 
strains of Rhizobia the superiority of the soil core method compared with the seedling agar and 
sand culture methods could be in considerable doubt. 
Though the plant tests, particularly with soil cores, in some cases can be more adequate 
to the final criterion — the field experiments — it seems tha t the repeated results and good 
correlation with the compatibility of different fungicides in agricultural practice may depend 
on local conditions. For this reason the different laboratory tests, as more fast and more detailed 
checks should give full weight in testing the compatibility of Rhizobium inoculation of legumi-
nous plants and fungicide t reatment in agricultural practice. 
J . G O L E B I O W S K A 
Academy of Agriculture 
Department of Microbiology, 
Poznan, Wolynska 35 
Poland 
R E F E R E N C E 
G O L E B I O W S K A , J . — K A S Z U B I A K , H. (1965): Sensitivity of Rhizobium to the action of Thiram 
and phenylmercuric acetate. Ann. Inst . Pasteur. Suppl., 109, 153—160. 
DO T H E D I F F E R E N T SPECIES AND STRAINS OF R H I Z O B I A VARY IN T H E I R SEN-
SITIVITY TOWARDS FUNGICIDES? 
In laboratory, lightroom and glasshouse experiments, carried out in the Microbiology 
Depar tment of the Agricultural Faculty of the University of Sydney, the effect of six organic 
and one inorganic fungicide belonging to five different groups was investigated on seven strains 
of Rhizobium leguminosarum sp. Frank and their nodulation with Vicia sativa L. 
Seed of vetch t reated with the seven fungicides according to the manufacturer 's direc-
tion was placed on plates of yeast extract- mannitol agar tha t had been seeded with R. legumi-
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nosarum. From the inhibition zones it could be concluded t h a t all fungicides were in some degree 
inhibi tory: Panogen the most, Phygon and Spergon the least. However, the agreement between 
replicates was not good. Seed which h a d been treated seven months earlier was as inhibitory 
as t he one-month old seed used in the f i r s t experiment in the case of 6 of the fungicides, bu t the 
ac t iv i ty of Panogen had been considerably reduced during this longer period of storage. I t was 
shown tha t this fungicide is unstable, r a the r more so when illuminated. 
Experiments carried out with impregnated filter discs showed consistent and large dif-
ferences between fungicides: Panogen was the most toxic, followed by the other mercurial, 
Ceresan, an intermediate group of aprroximately equal potency (Cuprox, Thiram and Captan) 
and again the least po ten t , the quinones: Phygon and Spergon. Similar tes ts with the seedling 
pa thogen Thanetophorus cucumeris followed the same order, with the exception of copper oxy-
chloride (Cuprox) which was the least toxic. Toxicity rat ios between inhibition zones of Thane-
tophorus and Rhizobium show that Ceresan and Thiram were relatively less toxic towards the 
rhizobia than towards the patho en. Natural ly it is not sure that this holds for all the other 
seedling pathogens of Vicia saliva. B R A K E L (1963) showed tha t different species and strains of 
Rhizobia vary in their sensitivity towards fungicides. However, nothing is mentioned in this 
respect for the seven strains used in t he study of Kecskés and Vincent. 
Survival of rhizobia on the variously treated seed t h a t had been inoculated with a pea t 
cul ture of R. leguminosarum determined immediately a f te r application and after 12 and 24 
hours was uniformly good in the case of Thiram and poor in that of Ceresan. The remaining 
fungicides were intermediate in effect. 
Plants raised f rom inoculated fungicide and non-fungicide treated seed on agar were 
examined for presence or absence of nodules. Under these conditions Ceresan completely pre-
vented nodulation, Thiram was almost wi thout effect and the Spergon t rea ted seedlings were 
generally well nodulated. Th3 other fungicides except Cuprox were intermediate in effect , 
whereas in the case of Panogen seed t h a t had been treated 14 weeks or more before inoculation 
yielded more positive plants (81%) t h a n tha t had been t reated earlier (9%) . 
Two preliminary experiments were conducted in washed river sand (bot t le jar assembly) 
with the 7 fungicides, t he inoculated seed being sown 3—4 hours after inoculation. Plants were 
harvested in the sixth week and examined for presence or absence of nodules. Phygon and 
Spergon depressed nodulat ion on both occasions. Thiram appeared to be the least inhibitory. 
In a more detailed experiment with the same assembly, the distribution as well as the presence 
or absence of nodules was recorded. F r o m this experiment the fungicides could be classified in 
order of decreasing compatibility: Captan, Thiram > Spergon > Phygon > Panogen > Cup-
rox > Ceresan. 
The influence of the fungicides on nodulation was also studied in undisturbed cores of 
soil t aken from three fields Sydney soil, Lismore soil and Narrabri soil) deficient in R. legumino-
sarum. Seed that had been treated with t he range of fungicides and inoculated with a s tandard 
peat cul ture was sown on three occasions a f t e r inoculation (0, 6 and 24 hr.) and kept in the glass-
house. The presence of nodules was examined after 6 weeks, by which time all of the inoculated 
control plants were well nodulated. In all three soils the inoculated non-fungicide treated con-
trol p lants showed evidence of early nodulat ion (78—85% on the tap-root, the remainder on 
lateral roots near the crown.) All uninoculated controls were free of nodules. Under these con-
ditions all of the fungicides, except Thi ram, departed markedly from the norm in that the pro-
port ion of early taproot nodulated p lan ts was markedly less than the non-fungicide control. 
Captan, although markedly inferior to T h i r a m in these tes ts was significantly better than the 
other fungicides. The mean percentage of plants with nodulation on tap-root and on lateral 
roots only near the crown in the three soils for the non-fungicide control and for the t reatments 
with Panogen, Ceresan, Cuprox. Thiram, Captan, Phygon and Spergon was: 100, 69, 40, 74, 75, 
87, 53 and 56, respectively. Taking this percentage as indicative of speedy nodulation Captan 
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proved to be superior to Thiram. In the last sand culture experiment as well as in the soil 
cores Thiram and Captan proved to be superior to the other fungicides. It is a pity, therefore, 
t h a t Captan was not tested in the field experiment. 
A field experiment was conducted on Lismore soil poor in R. leguminosarum. Seed of 
Vicia sativa was treated with Ceresan, Spergon or Thiram inoculated with commercial peat 
inoculum. The seeds were sown immediately and after 6 and 24 hours. A total of 240 plants 
(for each fungicide-inoculum t rea tment) were sampled in July and in September. The influence 
of fungicide on pat tern and incidence of nodulation in July showed tha t the highest proportion 
of t ap root nodulation were found in the unt rea ted inoculated and in the Thiram treated 
plants . The percentage of nodules on the distal lateral roots, however, were much higher on 
plants treated with Ceresan and Spergon. There were a few nodulated plants in the uninoculated 
controls, but these were all restricted to the distal lateral roots. By the time of the second sam-
pling about 30% of the uninoculated plants had become distally nodulated. For this reason 
the proportion of crown nodulated plants which is a good indicator of speedy nodulat ion was 
used to compare the effect of the fungicides. The superiority of Th i ram and the incompatibility 
of Ceresan and Spergon were clearly shown in this way. Details of results for the three times of 
sowing (0, 6 and 24 hr. after inoculation) have been omitted because, although significant 
differences were obtained, they revealed no trend with time. This is interesting, since M C N E W — 
H O F E R (1942) showed tha t it was necessary for pea seed treated wi th Spergon to be sown within 
half an hour of inoculation, while M I L T H O R P E (1945) found tha t this was necessary within two 
hours of inoculation. 
The order of superiority of t reatments judged by the percentage of crown nodulated 
plants (Thiram §> Nil Fungicide S> Spergon > Ceresan) is reflected very precisely in the re-
spective yields. Plants having the tap roots nodulated carried a large number of nodules and were 
the largest plants (11—15 the weight of non-nodulated plants and almost twice the height). 
Plants tha t were nodulated on lateral roots bu t near the crown also had many nodules and 
yielded well. Distal lateral nodulation on the other hand, indicative of late and sparce infection, 
was distinctly inferior and in the worst situation was little bet ter than the non-nodulated plant. 
The great merit of this work is tha t Kecskés and Vincent compared laboratory tests, 
lightroom and glasshouse experiments (plant tes ts in seedling agar, in sand watered with 
nutr ient solution and in soil cores) with a field trial . The best correlated laboratory result was 
the per cent surviving rhizobia on the treated seed which clearly separated Thi ram from the 
rest. Plant tests neither in seedling agar, nor in sand watered with nutrient solution were by 
themselves insufficient to screen off all less satisfactory chemicals. However, glasshouse trials 
with undisturbed soil cores were quite adequate and correlated very well with the final crite-
rion—the field trial. 
Another merit of this work is that the writers give a most valuable survey of the relevant 
literature. The more it is a pity tha t in this work they fail to compare their results with those of 
other workers who have tested the same fungicides for their effect on the symbiosis of rhizo-
bium. In the last decade Thiram, for instance, has proved to be the least injurious for its effect 
on the symbiosis of rhizobium by H O F E R — C R O S I E R ( 1 9 6 2 ) , W R Ó B E L ( 1 9 6 3 ) , J A K U B I S I A K 
G O L E B I O W S K A ( 1 9 6 3 ) , G O L E B I O W S K A ( 1 9 6 5 ) , G O L E B I O W S K A — K A Z U B I A K ( 1 9 6 5 ) . 
D . A . V A N S C H B E V E N 
H. v. Viandenstraat 8. 
Kampen, The Netherlands 
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L E T US AIM AT C O M P L E T I N G R E F E R E N C E S ? 
The paper looked over is u n d o u b t e d l y interest ing. I t is dedicated to a problem which 
is r a t h e r interesting for a wide range of agronomists a n d i t seems complete ly suitable for pub-
lishing. 
As for the t e x t I can only make a few remarks. W h e n referring to t h e literary sources it 
is expedient to give summaries especially on the papers in Soil biochemistry issued in 1947 and 
1971 by P. C. Kea rney et al., F . M a t s u m u r a , A. G. Boush , D. Woodcock, e tc . 
Rather a lot of works on the ques t ion dealt w i t h have been publ i shed in the Soviet 
Un ion . These are no t mentioned at all by the authors . 
A discussion p a r t about the mate r i a l s cited and conclusions must be joined to the pape r . 
The references should not only be completed, b u t also reduced, omi t t i ng the a u t h o r s ' 
unpubl ished papers as well as those of some other research workers. I t is unnecessary to m a k e 
foo t -no tes about t h e m , because these mater ia ls are ou t of the readers' r each . 
E . N . M I S H U S T I N 
I n s t i t u t e of Microbiology of the Academy 
of Sciences USSR 
Profsoyuznaya ul. 7. 
Moscow, U S S R 
W H A T IS T H E M I N I M U M C O N C E N T R A T I O N OF E A C H F U N G I C I D E R E Q U I R E D F O R 
O B T A I N I N G FUNGISTATIC AND F U N G I C I D E E F F E C T ON T U B E R C L E B A C T E R I A ? 
The manuscr ip t , submit ted to us by M. Kecskés and T. M. Vincent on "Compat ibi l i ty 
of Fungicide T r e a t m e n t and Rhizobium Inoculation of Ve tch Seed" is of g rea t interest, as it 
considers an impor t an t problem, not only f rom a scientific, hu t also f r o m a practical point of 
view. As the authors ment ion , the s tudy of the prepara t ions for plant p ro tec t ion has an increas-
ing significance, not only f rom the s t a n d p o i n t of their appl icat ion in agr icul ture , but also for 
microbiology, plant physiology, and for t h e entire living world. 
The objective of the authors has been achieved by m e a n s of various contemporary m e t h -
ods, beginning with those , conducted unde r labora tory conditions — on seeded agar p la tes 
and reaching vege ta t ion glasshouse a n d field exper iments . The system of their methods is 
descr ibed in previous publications. T h e s t u d y presented is the result of cont inuous work, t h e 
f ina l achievements of which are being summarized and acqui re a survey charac te r . A compre-
hens ive review of l i t e ra tu re has been m a d e , giving a ful l p ic ture of the impor t ance of the p rob-
lem a n d the value of t h e s tudy. 
The merits of t h e s tudy are u n d o u b t f u l , but wi th t h e purpose of f u r t h e r clarification of 
some problems, we consider tha t certain investigations could be made which would bring more 
clearness. 
Before all, we consider it necessary t h a t a s tudy should be made of t h e minimum con-
cen t r a t i on (mg/ml) of each fungicide, r equ i red for ob ta in ing fungistat ic a n d fungicide e f fec t 
on d i f fe ren t species of tubercle bacter ia . This is necessary so tha t this concent ra t ion can be 
compared with the one applied in pract ice . A pure exper iment should be conduc ted — with p u r e 
p repa ra t ions and microbe strains in order to establish t he m g activi ty of each fungicide. A com-
par i son could be made between the fung ic ide effect on t h e vi ta l ability a n d the development 
of s t r a ins of the species Rhizobium in us ing various work ing concentrat ions. 
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For establishing the minimum concentrations, acting fungistatically or fungicidetvise oil 
tubercle bacteria and the action on different amounts of fungicides, we recommend the diffu-
sion method (with solid or semi-solid agar to which a certain amount of the fungicide is added) 
or the method of dilution in liquid nutrition media. These experiments could also determine the 
effect of the t ime factor on a contact between the fungicide and the microorganisms. The 
results obtained after these experiments have a great significance for the quanti tat ive evalua-
tion in carrying out the vegetat ion experiments, as they give information for the determination 
of the necessary outcoming fungicide concentration.We consider t h a t the difference in the results 
of the experiments with filter disks, imbued with fungicides, is due actually to the inexact fun-
gicide dosage. 
Different fungicide concentrations could also be applied on pea t inoculum and the fol-
lowing results be juxtaposed in reference to the survival and virulency of tubercle bacteria and 
nodulation activi ty. 
In glasshouse experiments with undisturbed cores of soil the relationship between fungi-
cide, soil, microorganisms, and p lan t could be elucidiated by addit ional experiments. The meth-
od consisted of planting seeds after their inoculation and fungicide treatment. We suggest 
applying different fungicide concentrations on the undisturbed cores of soil and then sowing the 
inoculated seeds. This experiment also helps in establishing the effect of soil type comparing 
the data for an equal quanti ty of fungicide in various soils and different amounts of fungicide 
in the same type of soil. 
Evaluat ing the final results of the vegetat ive experiments for comparing differently 
treated plants, will further the completion of the investigations, moreover, if the amount of 
total and protein nitrogen is determined, it will help the quant i ta t ive juxtaposit ion of the 
changes in the activity of the tubercle bacteria. 
These comments do not undervalue in the least the merits of the study of M. Kecskés, 
J . M. Vincent, but aim to draw the authors' a t t en t ion to continuing the investigations on other 
sides of the problem for its fu r the r clarification. 
G . K . G U S H T E R O V , R . N . B R A N K O V A 
Chair of Microbiology and Virusology at 
the Biological Department of Sofia 
University; N I T P K I M P , Sofia, Bulgaria 
HOW SHOULD LABORATORY TESTS B E T R A N S F E R R E D TO THE CONDITIONS 
OF A GIVEN F I E L D ? 
The authors studied the important question of the relationship between leguminous 
plants, nodule bacteria and fungicides, a problem which jointly with the increasing intensifi-
cation of p lant production in general and the ever growing significance of leguminous plants 
for the humus-economy in part icular, demands an unobjectionable elucidation. The extensive 
examinations comprised laboratory, green-house and field experiments. Results are given on 
the effects of Panogen, Ceresan, Cuprox, Thi ram, Captan, Phygon and Spergon on seven 
Rhizobium strains and Vicia sativa. At the same time the experiments were designed so that 
the effects of fungicides could be examined on bo th the seeds and the nodule bacteria, further-
more on Thanetophorus cucumeris, the impor tant seed-pest. The well designed and excellently 
performed experiments can be considered exemplary in this t y p e of investigation. In these 
experiments a consistent procedure was followed, since at f i rs t fungicide-treated vetch seeds 
were brought-up on a Rhizobium-containing cul ture medium. F r o m the here developing inhi-
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bition zone the efficiency of fungicides was read-off as usual. The strongest inhibition on Rhi-
zobium leguminosarum was displayed by the fungicide Panogen. A time-effect was observed as 
six months after t r ea tment the Panogen fungicide lost much of its effect. The pest Thaneto-
phorus cucumeris was influenced in a similar way. A f u r t h e r comparison, however, showed 
tha t e.g. Ceresan and Thi ram exhibited stronger toxical effects against Thanetophorus cucumeris, 
than against Rhizobium. 
When inoculated vetch-seeds were t rea ted with the above fungicides immediately after 
inoculation or 12 hours la ter there was a higher survival r a t e in Rhizobium wi th the Thiram 
t rea tment and a very low ra te in the case of Ceresan. In all t he laboratory experiments the 
toxicity degree of mercury-containing preparat ions was high against Rhizobium. Already in 
these experiments a favourable impact of Thiram is indicated, which exerts the least toxic 
effect on the nodule bacter ia . 
When the vetch p lan ts were left to grow until the nodule formation, it was again with 
Ceresan t h a t nodulation could be completely inhibited, whereas Thiram enabled an almost 
unhindered growth of the nodules. In experiments with quicksand Captan also proved favour-
able in this sense. 
In Rhizobium-Iree soils the nodule formation of inoculated and fungicide-treated soils 
was likewise influenced by the preparations. A very insignificant nodule-formation on the 
lateral roots occurred with an application of Panogen, Ceresan, Cuprox, Phygon and Spergon. 
The format ion of nodules was influenced only to a small ex tent by Thiram. 
The results obtained in green-houses were far-reachingly confirmed by the field-experi-
ments. 
Summarizing, f irst of all the particularly positive a t t r ibutes of Thiram can be confirmed. 
Without substantially impeding nodulation it is highly efficient against the pest Thanetophorus 
cucumeris. 
The interesting comparison made here between the results of laboratory tests and field 
experiments points once more to the necessity tha t in the interpretat ion of results obtained in 
soil-biological experiments the effect of many individual factors should be taken in considera-
tion, as well as an obligatory precaution in the transfer of laboratory tests to the conditions of 
a given field. 
G . M Ü L L E R 
Halle—Leipzig 
IS IT ONLY T H E E X T E R N A L MORPHOLOGY OF ROOT N O D U L E S OR T H E I R INNER 
TISSUE STRUCTURE TOO THAT T H E VARIOUS FUNGICIDES ACT ON? 
Root nodule format ion experiments performed in washed siliceous sand have shown a 
more intensive root nodule formation on the main roots of control plants than on the laterals. 
In the case of treatments wi th seven different fungicides bo th t he number and place of the 
formed root nodules varied. This raises a number of organizational questions. 
In the case of seeds t rea ted with fungicides three hours before sowing the fungicides 
penetrate not only the surface, the seed-coat of the seed, but dur ing the period of the t reatment , 
or later on get inside the seed-coat to the embryo. To some ex ten t the embryo takes up these 
fungicides which during the development of the seedling exert an influence on the root nodule 
formation of the main- and lateral roots. In the course of development this influence decreases 
and root nodule formation by the Rhizobia begins to show u p ; e.g. on the main root there is 
only a small extent of root nodule formation, while on the laterals developing later the number 
of root nodules is considerably higher. Such influence is exercised, besides Phygon, by Ceresan. 
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In the cortical cells of the rhizodermis of the main root the fungicides are supposed to accumu-
late to some extent and exert an inhibiting effect on the penetrat ion, establishment and action 
of Rhizobia. I t is all the more possible because the storing zone of the root is pr imari ly the tissue 
zone of the cortex where the Rhizobium species establish themselves. This fu r the r explains the 
more intensive root nodule formation in the lateral roots. The amount of fungicides taken up 
per uni t surface decreases wi th the branching off of the laterals , so in laterals developing later 
the inhibiting effect will be reduced. Another reason is t h a t the laterals develop from the 
central cylinder inside the cortex, being t h u s in contact with the cortex only in a short section 
when they pierce it at the beginning of their development. So fungicides pissibly stored there 
in larger quantit ies get inside the developing laterals only in small amounts — if a t all. 
On this basis it would be worth carrying out chemical investigations to f ind out whether 
the organs — main root, laterals and aboveground parts — of the developing seedlings contain 
some — and if so how much — of the fungicide used in the t reatment . Fur thermore , in plant 
species where the radicle is sufficiently s t rong — e.g. of 1—1.5 mm diameter — the cortex and 
the central cylinder could be separated and the amount of fungicide determined in both tissue 
zones. 
Even if no root nodule is formed on the main root under the influence of the fungicide, 
the possibility of Rhizobium species establishing themselves in several cells is not excluded, 
though they are not strong enough to develop root nodules. I t would be desirable to perform 
microscope studies — e.g. below and around the root neck, where the root nodule formation is 
the strongest under control conditions — to find out whether some Rhizobia have established 
themselves or not in the cells. 
Another question is the extent to which the fungicides effect the development of the 
plants in a positive or negative direction. I t is a well known fac t that in plants developing well 
and quickly the root nodule formation is much lower, as the type of metabolism in this case 
prevents the penetration of root bacteria; in plants of poor development ni trogen deficiency 
occurs which enchances the penetration of bacteria. Thus, besides a marked inhibiting effect 
shown by the fungicides, some of them may display a certain degree of growth stimulation too, 
which — on the basis of wha t have been said — may inhibit root nodule format ion. The inhibit-
ing effect fungicides have on root nodule formation may be decreased if phosphorous com-
pounds are applied, since by a proper util ization of the phosphorus fertilizers the number of 
root nodules can be increased 4—6 times under control conditions. Thus, phosphorus applica-
tion during the fungicide t reatment can be expected to have a favourable influence on root 
nodule formation. 
J u s t another suggestion. I t would be desirable to make a morphological analysis of root 
nodule formation too in the case of various treatments. Namely, the different fungicide treat-
ments, besides their external morphological effects, may change the tissue s t ruc ture too, which 
could be analysed by investigations of this kind. 
P . G R A C Z A 
University of Horticulture, 
Department of Botany 
and Botanical Garden, 
Budapes t XI , 
Ménesi ú t 44. 
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CAN T H E LOW YIELD O F SOYBEAN B E PARTLY CAUSED BY AN I N S U F F I C I E N T 
RHIZOBIUM ESTABLISHMENT A N D ROOT NODULE FORMATION? 
Environmental protect ion is undoubtedly one of the m o s t urgent problems of our 
times. The increasing number of scientific publications of this na tu r e , the articles published 
almost daily in the newspapers, the delivered popular and scientif ic lectures all p rove that 
reducing the pollution of the biosphere to a minimum is a question t h a t engages publ ic atten-
tion to a great extent. The most important field of environmental protection in agriculture is 
plant protection, more precisely: the application of pesticides. A decisive factor of the new plant 
protective research is to produce such non-persistent or specific chemicals which can be applied 
against pests or pathogens wi thout doing any considerable harm to the natural environment . 
Extensive research work is carried on, fur ther , with the aim of reducing the pollution of the 
environment by using the already existing pesticides more reasonably (e.g. by spraying on fewer 
occasions on the basis of appropr ia te forecasts). 
Environmental protection research in Hungary is at a r a the r initial stage as ye t , there-
fore publications of this character are mostly restricted to laying down general principles. The 
publication of M. Kecskés and J . M. Vincent is welcomed as an exception in this respect. 
Although the authors do not emphasize the importance of their research work f rom the point 
of view of environment protection, still it is perhaps the most s ignif icant of their work. In the 
experiment series carried out with reliable and easily reproducible methods Vicia sativa 
plants as well as appropriate Rhizobium strains and Thanatephorus cucumeris, a fungus causing 
root- and stem rot were used. The results unambiguously prove t h a t of the seven commercial 
fungicides used for seed t r ea tmen t only two can be applied wi thout causing damage to Rhizo-
bium, the useful microorganism studied. This f inding deserves g rea t attention since t he yield 
of legumes may depend decisively on the successful establishment of N-fixing bacteria. 
I sincerely hope tha t the authors will continue this work w i t h the same thoroughness 
and after the Vicia extend their investigations to include other economically impor tan t legu-
minous plants too. I have in mind the soybean f i rs t of all. This p l a n t seems to be a highly 
promising source of protein, a t t he same time its production is far f r o m being solved in Hungary . 
The poor s tands and low yields may easily be caused — at least p a r t l y — by the insufficient 
Rhizobium establishment and root nodule format ion. 
Finally, I should like to call the authors ' at tention to something not closely related to 
the subject, still affecting the value of the publication. The paper ment ions a pathogenous fun-
gus: Thanatephorus cucumeris, several times. I do not underesteem t h e knowledge of Hungar ian 
experts by supposing that hardly any of them know this pathogenous fungus by th is name. 
Even those who look it up in well-known international phytopathological abstracting journals 
will not get much help, since this name cannot be found in them. T rue , the genus Thanaetpho-
rus Donk, and the type species of the genus: Thanatephorus cucumeris (Frank) Donk 
were already described in 1956, nevertheless this name has hardly become generally known. 
This f requent soil-home fungus causing root- and stem rot is known b y most experts even today 
by the name Corticium solani (Prill, et Delaer.) Bourd. et Galz., or rather as the 
imperfect stage of this basidiomycete: Rhizoctonia solani Kühn; t h i s name is found in the 
scientific reviews as well. For proper information, therefore, the generally known synonym 
ought to have been given in the paper . 
The pioneer publication of M. Kecskés and J . M. Vincent is a n important contr ibution 
to the concrete experimental research work done in the field of environmental protect ion. 
J . VÖRÖS 
Research Insti tute for P l a n t 
Protection 
1022 Budapes t , Herman O. ú t 15. 
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W H A T IS T H E E F F E C T OF C H E M I C A L S IN M O D I F Y I N G T H E M I C R O B I O C O E N O S I S ? 
"Wi th t h e increasing use of chemicals in agr icu l ture non-biological control me thods 
now play a p a r t in t h e t rans format ion of nature by subs t i tu t ing art if icial agrobiocoenoses for 
n a t u r a l associa t ions" — writes Ubr i z sy in a general s t u d y of pesticides in 1969. Though t h e 
e f fec t of chemicals in increasing r e n t a b i l i t y is well k n o w n , our knowledge is very limited as t o 
t he i r share in mod i fy ing the microbiocoenosis. Thus , t h e reasonable u t i l i za t ion of chemicals 
depends on our b e t t e r knowledge of t h e i r secondary in f luence on soil o rgan i sms . The nodula t ion 
o n the roots of l egumes presents an idea l model for s t u d y i n g ecologically impor tan t re lat ions 
be tween plants a n d microorganisms. T h o u g h Vicia sativa has but a poor specification for races 
of Rhizobium, t h e remarkable results of Kecskés and Vincen t have a basic impor tance in s tudies 
a b o u t the es tab l i shment of symbiosis in a micro-environment disturbed b y the application of 
fungicides. This is a most impor tan t f ea tu re of the w o r k even if it is n o t t he purpose of t he 
au thors . 
As to the exper iment proper, w i t h its exactness i t fu l ly meets the r equ i remen t s of general 
microbiology. T h e elaboration a n d execut ion of t h e experimental m e t h o d s are exemplary . 
The s tudies begun in a l a b r o a t o r y and completed b y tests approaching natura l condit ions 
as near as possible gave pratical r e su l t s of great value. D u e to a rapid m e t h o d i t becomes possible 
t o choose fungicides compatible w i t h inoculation. In t h i s respect, however , a short review as to 
t h e active agent of t h e chemicals u s e d would have come in very useful fo r t h e readers no t fa -
mil iar with the nomenclature c o m m o n l y adopted in phytosani ta ry works . 
A comprehens ive review of t h e l i terature and t h e la tes t observat ions of great originali ty 
m a k e the work complete which is indispensable fo r soil microbiologists and agronomists . 
O . R E I S I N G E R 
Univers i t é de Nancy-1, 
Laboratoire de Botanique e t de 
Microbiologie, 
Cent re de 2me Cycle 
Case Officielle N° 140, 
54037 Nancy-Cedex, F rance 
W H I C H P E S T I C I D E S HAVE N E G A T I V E E F F E C T S A N D U N D E R W H A T CONDITIONS? 
The increase of the p roduc t ion of vegetable p r o t e i n by in t roduc ing new, economically 
jus t i f iable m e t h o d s has become a v e r y impor tant ques t i on in agriculture. Chemical means used 
fo r plant p ro tec t ion have taken such a position in t he complex of agro technica l operations t h a t 
i t is almost improbab le they can be el iminated a l though their bad s ide-effec ts on soil biocenosis 
are well known. Therefore, there is a great demand fo r works explaining which pesticides m a y 
h a v e a negative e f fec t and under w h a t conditions. I t is very impor tan t , too , to determine t h e 
balance of t he pos i t ive and nega t ive action of a pest ic ide. 
These ques t ions underlie D r . Kecskés and Vincen t ' s work and j u s t i f y its purposefulness. 
T h e authors c o m p a r e the action of several fungicides on Rhizobium leguminosarum and sym-
biosis with papi lonaceous plants. T h e action of fungic ides on bacteria a n d symbiosis were ob-
served and measu red in laboratory experiments and u n d e r soil condi t ions . This system of t h e 
research was m o s t purposeful, as i t allowed the a u t h o r s to obtain a closed whole. 
They ana lysed , too, the use fu lness of di f ferent methods for e x a m i n i n g the activeness of 
several fungicides , as the latter a p p e a r e d to be d i f fe ren t ia ted in this r e spec t . When compar ing 
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the action of different fungicides it is desirable to use the same method, but when estimating 
the effectiveness of respective fungicides under different ecological conditions or regarding 
different organisms the correctness of results is conditioned by the selection of a proper method. 
From this point of view the authors ' observations are valuable. 
The right analysis of the results lets the authors arrange fungicides according to their 
agricultural usefulness. In this, Thiram has taken the f irst place as it best serves the function 
expected from this type of preparation. 
In my opinion Dr. M. Kecskés and J . Vincent's paper "Compatibili ty of fungicide t reat-
ment and Rhizobium inoculation of vetch seed" deals with a live question in agriculture, and 
so it meets the requirements of publication. The authors have answered their own questions 
and obtained theoretically valuable results which can also be made use of in practice. 
N . B A L I C K A 
Ins ty tut Gleboznawstwa, 
I Chemii Rolniczej, 
ul. Grunwaldzka nr 53, 
Wroclaw, Poland 
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CHRONICA 
T H E H I S T O R Y O F T H E C E N T E N N I A L BOTANICAL D E P A R T M E N T O F T H E 
H U N G A R I A N N A T U R A L HISTORY M U S E U M 
The Hungar ian Nat ional Museum has p layed an eminent role in the cul tura l life of the 
na t ion since the beginning of t he n ineteenth century . 
The Nat ional Museum, a unique ins t i tu t ion of this type a t t h a t time — in 1802 and 1808 
— gradual ly gathered the mate r ia l of special collections, later organized as wholly or partially 
dis t in tc museums. Thus on the inst igat ion among others of P. Ki ta ibe l , botanist , t h e Collection 
of Natura l ia and Art i facts , f ounded in 1810, and to be segregated in 1870 into th ree special 
un i t s belonged to the Museum. One of these was the Botanical D e p a r t m e n t of t h e Hungar ian 
Nat iona l Museum. 
The Botanical D e p a r t m e n t celebrated the centennary of i t s existence in 1970. 
The three part ial collections incorporat ing the natura l h i s to ry collections became an 
independen t museum f i rs t dur ing the Hungar ian Soviet Republic in 1919, and ac tua l ly in 1934, 
as t he Na t iona l Natura l His to ry Museum. 
Between 1810—1895, one botanis t each worked in the Botan ica l D e p a r t m e n t , namely 
I . Fr ivalszky, J . Sadler, Gy. Ková t s , Y. J a n k a , and Gy. I s tvánf f i ; dur ing the years 1896—1952, 
t he number of research workers were usually seven; of these t h e more eminent ones (now 
deceased) were N. Filarszky, J . B. Kiimmerle, S. J ávorka , G. Moesz, E . Gombocz, Y. Kőfaragó-
Gyelnik, G. Andreánszky. 
In 1970, twelve research workers — museologists were ac t ive in the D e p a r t m e n t , and 
three pensioned colleagues are still working pa r t - t ime : Y. Csapody, E . Kol, L. V a j d a . There are 
9 technicians (preparators , l abora to ry s taf f ) , 2 l ibrarians, and 2 caretakers. T h u s t he total 
n u m b e r of the Depar tmen ta l s taf f is 37. 
The Botanical D e p a r t m e n t submits an annual report on i ts act ivi ty , and also prepares 
i ts annua l work plan, to the Director General of t he Hungar ian N a t u r a l History Museum and 
Hungar ian Academy of Sciences. The annual research project is a p a r t of the 3, 5 a n d 15 year 
plans . 
Wi th in the nationwide scope and interest of the Natura l H i s t o r y Museum, t h e Botanical 
D e p a r t m e n t preserves, in a conserved s ta te , a representat ive pa r t i a l set of the p l a n t species of 
t he world and more closely of Hungary . In th is respect it fu l f i l s a unique func t ion in 
Hunga ry . 
I t s basic task is the augmen ta t ion and preservat ion of p l a n t collections as bases of 
reference; to process according to present day requirements groups of p lants by t axonomic and 
florist ic means, and to invest igate interrelat ionships between popu la t ions of species and their 
envi ronment . The elaboration of the collections renders possible t h e utilization of resul ts in 
public educat ion. 
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Accordingly, the duties of the research worker — museologist can be summarized in 
three main groups: the enhancing and conservation (on the basis of predetermined principles) 
of t he plant collections; the scientific elaboration of the collected material, and the furthering 
of publ ic interest by the promulgation of results, mainly by exhibitions. 
* 
Research work. The first and longest chapter deals with the floristical research of flow-
ering plants. The summary of results, Jávorka 's book "Magyar Flóra" (Flora Hungarica), 
of outstanding importance both as to scientific research and Hungarian cultural history, was 
published in 1924—1925. As its supplementation, the fascicles Iconographia Florae Hungaricae 
were published between 1929 — 1934. Among the sporiferous plants, the higher fungi were dealt 
wi th by Bohus—Kalmár—Ubrizsy ("Magyarország kalaposgombáinak meghatározó könyve") 
in 1951, with the senior author, G. Bohus, working in the Botanical Depar tment . Concurrently 
wi th the floral works and identification books on plants, the taxonomic s tudy of a great number 
of genera was also performed. Thus Filarszky processed the genus Chara; Moesz the home species 
of innumerable fungal genera; Kümmerle the vascular cryptogams genera; Kőfaragó-Gyelnik 
t he families Lichinaceae, Heppiaceae, Panniaceae, Peltigera, Parmelia, genera; Verseghy the 
Ochrolechian genus of lichens; Bohus t he genera of Agaricales and the genus Hebeloma; Újhelyi 
t he genera Sesleria and Koeleria; Radies the genus Nymphaea ; Halász the thermobiont algae. 
Floristical phytogeography was a cons tan t companion of floristical and taxonomical research 
work , leading to the s tudy of plant coenoses and their inherent and regulating laws. In these 
s tudies , the forerunners were the German Warming, Grisebach, Gams and the French Braun-
Blanque t . Working in this field, Zólyomi described the "dolomite phenomenon", the zonality 
of t he vegetation in the Bükk Mts.; Feke te the insular occurrence of the cold continental forest-
s t eppe wood in the hilly region of Gödöllő; Szujkó-Lacza pointed out the existence of the zonal 
m on tane — submontane beechwood in the northern par t of the Central Range; Pócs verified 
t he home occurrence of the Sarmatian mixed forest zone; Jakucs elaborated monographically 
t he SE European kars t shrub woods; Debreczy gave a detailed analysis of the oak woods of 
I l lyr ian descent. 
Qualitative coenological investigations demand the necessity of quant i ta t ive coenologi-
cal and also quant i ta t ive ecological studies. On the basis of hitherto achieved results the 
Botanical Department also joined, in 1967, the work done in three sections of the International 
Biological Programme. In the Section P P of the IBP the photosynthetic act ivi ty of lignifying 
shoot axes was successfully demonstra ted by functional anatomical, ecomorphological and 
physiological investigations in 1970 (Szujkó-Lacza—Fekete—Faludi-Dániel). 
Public education. The first, independent exhibition of the Botanical Department was 
opened in 1953, under the title "Magyar növénytani kiállítás I ." , with the final part in 1956. 
I t displays the evolution of the flora and vegetation f rom the Tertiary to the present day in 
Hunga ry , further our present home p l a n t associations, the anatomical s tructure and basic 
physiological functions of plants, the edible and poisonous fungi, fungal pests, and fungi serv-
ing for the extraction of basic pharmaceutical substances, — the whole exhibited in a lyriform 
hall of the Castle Vajdahunyad. 
Apart from the permanent exhibit ion in Budapest , several travelling displays of the 
vegetat ion of phytogeographically un i fo rm regions and their faunas were shown in larger towns 
be tween 1952—1970. By modern technical means these displays achieved extensive public 
a t ten t ion . The same purpose was also served by the construction of some temporary displays 
wi th in the frame of the permanent exhibit ion, usually t reat ing a central theme. The travelling 
exhibitions are very popular owing to their easy transportabil i ty and theme of common interest 
— so far 5 have been made by the Botanical Depar tment . 
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Among the popularizing handbooks, Jávorka — Csapody's "Flowers of Forest and Mea-
dow" (published several t imes at home and abroad), and Bohus—Kalmár 's "Fungi of Forest 
and Meadow" had the greatest success. 
His tory of plant collections. The pr imary task of the research worker — museologist is 
the augmentat ion, and preservation of the plant collection, as well as its scientific and histori-
cal evaluat ion. After the presentation of the recent state of the Botanical Collection, a brief 
summary of the more significant collections will follow below. 
General view. All collections of the Botanical Depar tment of the Hungar ian Natural 
History Museum are deposited on the f i rs t floor and part ly on the ground floor (an area of 
1.351 m 2) of Castle Vajdahunyad, Budapes t ; the library has two special rooms (193 m2). 
The collections are preserved in 243 modern aluminium cabinets, in addition to 34 larch and 
some oaken cabinets, wi th the rest housed in cabinets originating from the Haynald legacy 
(Figs 1—4). 
Fig. 2. C a b i n e t s o f Collectio Phyto-photographica a n d Icônes Pictae Plantarum ( G . S z e g v á r i ) 
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Fig. 4. Collection of living algae (G. Szegvári) 
Inventoried (register books and cabinet cataster forms are obligatory) and estimated 
collection specimens totalled 1.313.416 sheets, capsules, etc. by the end of 1970. Within the 
collection cabinets the flowering plants are fixed (glued) on 32 cm wide and 44,5 cm long paper 
sheets, with the specimens belonging to the same species held together by a blue cover in all 
fascicles. The material of the non-flowering plants are preserved in capsules in accordance 
wi th the above principle, in green car tons: the collection of seeds is stored in plastic bags, the 
f r u i t s in boxes. The dendrological material is placed in glass-door cabinets, the paleontological 
mater ia l (in drawers) in cardboard boxes per specimen. 
As to the size of the material of the Botanical Depar tment , it is probably among the 
t en biggest ones in Europe. In Central Europe, the collection is the third or four th largest one. 
In the Herbarium Carpato-Pannonicum, the vegetation of the Carpathian Basin is, on 
t he basis of earlier collections, the most completely represented even today. 
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Until 1945, the Herbarium Generale was the richest in the world in Balkanian p lan t 
species. Now the Bulgarian and Yugoslavian collections are more complete with respect to these 
areas, than the respective material of the Herbar ium Generale. 
Special pa r t . A brief summary of the history and specialities of the plant collections. 
The f i r s t plant collection, consisting of some fascicles, is mentioned as early as 1810. 
After Kitaibel 's death (1817), his collection was purchased and thus a valuable collection of 
the home flora became the property of the Museum. In 1820, the flowering plant collection 
rapidly expanded by the activity of the botanists J . Sadler and I. Frivalszky. In 1839, the 
Museum bought Sadler's collection, now enriched, owing to exchanges, by foreign herbarial 
materials. Sadler 's large-scale augmentat ion of the collection derived f rom his intent of writ ing 
on the Hungar ian flora of t ha t t ime. 
The collection material accrued in the Collection of Naturalia necessitated in 1870 besides 
the Zoological and the Mineralogical-Paleontological Departments, the creation of the inde-
pendent Botanical Department. 
During his earlier collecting trips to the Bánság, South Hungary, V. Janka accompanied 
L. Haynald. I t was Haynald who created the f i rs t research officer's post in the Botanical 
Department, and V. Janka was appointed to fill i t . J a n k a earlier also collected beyond the bound-
aries of the country , but the Haynald Foundation — 12.000 gold crowns — made collections 
possible in Greece, Italy, and Malta as well. By the description and deposition of new species 
in this collection, among others, of Colchicum hungaricum and some Balkan species, J a n k a called 
international a t tent ion to the Botanical Depar tment . Tauscher's and Hazslinszky's collections 
were also obtained at that time (1883), enhancing the material of almost every collection, — 
which later became independent — and this holds especially for Hazslinszky's herbar ium. 
Problems of storing the collections and the library now also arose. 
J anka passed the care of the collections to Gy. Istvánffi. The new keeper worked first 
with algae and then fungi, and uni ted the non-flowering plant collections into the first , inde-
pendent collection of cryptogams. In 1892, the collection of the Depar tment was greatly aug-
mented by the Haynald legacy: " I am writing this Testament in my right mind and of free 
will . . . I do not own money or payments to anybody . . . beyond Kalocsa no one should look 
for any wealth o ! mine . . . I bequeath my herbar ium and botanical and book collections, to-
gether with their cabinets, to the National Museum . . . 
Budapest, 22 May, 1882 Lajos Haynald m.p. Archbishop of Kalocsa." 
The inventory of the legacy shows a much later date (1898); according to this, there were 
1721 books and manuscripts, 117.508 herbarial sheets, and 30 fascicles of unidentified material . 
By purchases and exchanges in addition to his own collections, Haynald increased his 
herbarium to such a scale that it soon necessitated the geographic grouping and separation of 
the flowering plants . 
I s tvánff i ' s successor, N. Filarszky reported on the ordering of the herbarium and te 
grouping of the material (1899—1901) as follows: "The old main collection of the Depar tment 
is placed in two rooms, Haynald 's European collection also in two rooms, while Haynald ' s 
overseas collection in a separate room; Kitaibel 's and Kossuth's herbaria were placed in a 
separate small room." (The Museum purchased Kossuth 's collection in 1894; it has chiefly a 
historical interest , since there are no exact locality da ta . On the other hand, Kossuth entered 
profuse notes on most herbarial sheets, indeed, in several cases he was the first to record the 
vernacular (Hungarian) name of the plant.) 
These collections contain not only flowering plants but in most cases also cryptogamous 
material. Therefore when the collections were re-ordered, the original da te of increase of sev-
eral — later independent — collections were found to be from earlier times. 
N. Filarszky joined the Botanical Depar tment in 1898. On the basis of his experiences 
in foreign countries and the earlier concept of I s tvánff i , he proposed the establishing of a Her-
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barium Hungaricum (at the t ime of its realization called Flora Hungarica, later Flora Carpato-
Pannonica), a Herbarium Budapestinense (not realized !), and the Herbarium Generale ( later 
Flora Generalis). The collections of Kitaibel, Mygind, Crantz, and Kossuth remained separate . 
Filarszky's aim was the ordering and augmenting of the collections and the l ibrary. 
Moesz (1934) s ta ted in his necrologue on Filarszky t h a t "The enhancement of the collections 
and library is significant. By the thirt ieth year of Filarszky's leadership the stock of the her-
barium and the library doubled . . . in 1901 the to ta l of plant fascicles was 2304, the number of 
books in the l ibrary 6750. When Filarszky retired, there were 5710 fascicles (that is, abou t 
618.000 sheets), and 14.176 l ibrary items." 
The collection Flora Hungar ica (today Herbarium Carpato-Pannonicum) began to be 
established, according to his plans, in 1899, from the newly conserved and recently collected 
home plant species. The Hungar ian material of the following large pr iva te collections — acquired 
by purchase, in exchange, or as presents — were incorporated in this collection; Barth, Csató, 
Degen, Kovács, Lengyel, Margit tai , Simonkai, Szépligeti and Wagner . The Flora Hungarica 
now contains 334.072 sheets of flowering plants and 240 types. 
The Flora Hungarica exsiccata, containing both flowering and cryptogamous species, 
increased by exchanging the species of the Flora Generalis and the collections of crpytogams. 
The administrat ion of collecting, ordering, exchanges and loans was mainly the d u t y 
of the keeper of the collection. The keepers of the Flora Hungarica were: S. Jávorka, В. Zólyomi, 
G. Andreánszky, P . Jakucs, and today G. Fekete. 
The Herbarium Carpato-Pannonicum served as the basis for the writing of J ávo rka ' s 
"Magyar F lora" (1924—1925), the handbook Soó—Jávorka: "Magyar növényvilág kézi-
könyve" (1951), and partly of Soó's "A magyar flóra és vegetáció rendszertani-növényföldrajzi 
kézikönyve (1964—1973) (Synopsis systemalico-geobotanica Florae vegetacionisque Hungaria), 
from which the last volume is j u s t being prepared. The Slovakian flora series, now under pre-
paration, also took many of i ts floristical data f rom this collection. 
The collection Flora Generalis (now Herbarium Generale) was re-created, by the unifica-
tion of the flowering plants of the old main collection and Haynald 's European and overseas 
materials, in all probability between 1910 and 1920. However flowering plant herbarial mater ial 
from overseas already existed in the Department of Naturalia of the Hungarian Nat ional 
Museum in 1822 — the origins of this collection can be traced back to that time. 
The earlier three distinct collections, the herbaria of home and overseas flowering p lants 
and the material of the cryptogams, were ordered according to older systems, the new flowering 
plant collections to Engler's; the genera were provided with Dalla Torre numbers. 
Nearly all of the larger collections, enumerated when discussing the Flora Carpato-
Pannonica, contained plants f r om abroad; they enriched the material of the Flora Generalis. 
The following herbaria represented significantly large materials for this collection: Andrasovs-
ky's and Degen's herbaria excelled in Balkan material , Haynald 's and Kotschy's in Afr ican 
plants, while Sodiro's added extensively to the Ecuadorian collection. The herbaria of S t aub 
and Dorner are also valuable addit ions in this respect. 
After the earlier orderings of the collection as a common effort , among others Gombocz 
also incorporated, beginning in 1929, Weisz's collection from Asia Minor. Today the keeper of 
the Flora Generalis is J . Újhelyi . 
The herbarial material of the Flora Generalis increased, between 1900—1970, by 40.000 
sheets of plants by purchase, 47.000 in exchange, 70.000 as presents, and by 5.000 recent collec-
tions. In 1970 the collection sheets totalled 503.020, placed in 81 aluminium cabinets in two 
rooms. The collection helped to complete the series Flora Europaea and the Flora Bulgarica 
with many da ta . 
The several collections are interdependent, though the rate of interconnection and de-
pendence is varying. Besides the Herbarium Carpato-Pannonicum, comprising the flowering 
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plants of the Carpathian Basin as a geographical unit , and the Herbarium Generale, containing 
those (though natural ly never completely) from nearly every part of the world, there exist 
several complementary collections of the various developmental phases of plants. Thus the 
Collectif) Seminum et Fructuum, the C. Dendrologica, the C. Plantarum Juvenilium Exsiccatarum, 
the C. Palynologica, the C. Plantarum Adventivarum et Cultarum, the C. Phytophotographica and 
Icones Pictae Plantarum, preserving the results of technical or artistic perpetuation, or, again, the 
C. Nomina Plantarum Popularium Hungaricarum, the collection of Hungar ian vernacular 
names useful in the preparation of systematic and ordering activities. 
Passing over the mere mention of these smaller collections, the following discussion will 
briefly treat the several larger collections, on the basis of phylogeny and size, to wit: the 
Collectio Pteridophytica, C. Bryophytica, C. Macro- et Micromycetorum, C. Lichenum, C. Algarum, 
C. Palaeophytica. The history of the largest botanical basic library, in Hungary , tha t of the 
Bibliotheca Botanica, significant from the Departmental point of view, will also be given. 
Collectio Pteridophytica. A significant part derives f rom Haynald's collection. In the uni-
fied collection of cryptogams, ordered by Istvánffi , the ferns already had their separate place. 
( J . B. Kümmerle was the research worker appointed by Pilarszky as responsible for the Equi-
setales, Lycopodiales, and Pteropsida, in 1902. Kümmerle first elaborated Hollós's Caucasian 
Pterydophyta; for his revision, the Botanical Department received Weder's considerable collec-
t ion of Vascular Cryptogams.) Kümmerle established the Collectio Pteridophytica in 1925. He 
made a separate file of all species present in the collection; this catalogue contained the respec-
t ive floristical and l i terature data unt i l Kümmerle 's dea th in 1931. World War I I brought no 
damages in the collection. When transferred to Castle Vajdahunyad, Jávorka ordered the col-
lection, according to Christensen's system, in 1953. The recently accrued material was ordered 
by J . Szujkó-Lacza in 1957—1958, and the collection was placed in modern cabinets in 1969, 
ordered by F. Radies. The collection today consists of 30.000 sheets. 
Collectio Bryophytica. The largest cryptogamous collection of the Botanical Depar t -
men t . Mosses were already present in Kitaibel 's collection in 1817, but the f irst independent 
collection was established, with J . Szurák-Szepesfalvi as its keeper. The collection is among 
the significant ones of the world, because it contains the moss collection rich in Limpricht 's 
types, acquired with Degen's herbarium, and the great major i ty of the documentary material 
of bryological collections and study results concerning the Carpathian Basin. The collection of 
mosses was ordered, according to Moenkenmeyer's (Musci frondosi) and Müller's (Hepaticae) 
systems, in 19 modern aluminium cabinets in 1970. The Collectio Bryophytica contains 105.278 
capsules in the cabinet catastre. A special file-system aids the registration of the type material 
(holo- and cotypes). The keeper of the collection, L. Va jda , has recently retired. 
Collectio Macro- et Micromycetum. The first fungus specimens came into the possession 
of the Museum in 1821. The collection at tained its European fame under G. Moesz, its keeper, 
in 1906—1946. Moesz's main collecting areas were the environs of Lake Balaton, the Comitat 
Vas, the Sárrét, Budapes t , the region of the rivers Ipoly and Garam, the High Tatra , Transyl-
vania , the Velebit Range, the Croatian shores and Poland. The critical evaluation of his collec-
tions were published in the series Fungi Hungáriáé, while the work "A Kárpát-medence üszög-
gombái" was only published posthumously. After Moesz, the keeper of the Collectio Micro-
mycetum was S. Tó th , followed by J . Gönczöl. 
Hazslinszky's collection, purchased in 1889, represented a considerable par t of the mate-
rial of macroscopic fungi . The acquired material of the Gasteromycetales, elaborated by L. Hollós, 
is still probably the most valuable material of the Collectio Macromycetum. As a mat ter of fact , 
this collection, having no appropriate research worker unti l recent times, began its upward 
t rend only after World War II. I t is thanks to the Herpell-Bohus conservation technique t h a t 
the fungus species can be stored, in perfectly preserved shape and colour, in a comparatively 
small place. In this respect, the collection is unique in the world. It was established by its keeper, 
Acta Agronomica Academiae Scientiarum Hungaricae 22, 1973 
4 8 6 C H R O N I C A 
G. Bohus, and Mrs. M. Babos, technician. The stock of the C. Macro- et Micromycetum by the 
end of 1970 consisted of 48.124 inventoried capsules, and 4.000 unidentified or duplicate items. 
Both collections are in alphabetical order. 
The Collectio Lichenum was founded by the purchase of the Hazslinszky collection a t the 
end of the nineteenth century. The first lichenologist of the Depar tment Gy. Timkó, established 
it as an independent collection. Its large-scale increase is the result of V. Kőfaragó-Gyelnik's 
work. By two independent exsiccata materials, Gyelnik also s tar ted international exchange, 
ably followed by K. Verseghy. Some larger lichen collections were purchased after 1945, thus 
the valuable materials collected by Szatala and Fóriss. The inventoried material of the C. 
Lichenum consists of 75.000 items, 3.000 duplicates, and about 30.000 unidentified capsules. 
The collection is the biggest in Central Europe; i ts type catalogue was published in 1964, 
followed by a supplementary edition in 1968. I t is ordered according to Zahlbruckner's catalogue. 
At an unknown date — according to the exsiccata materials perhaps in 1912 -— Filarszky 
established a special collection of the genus Chara and maritime algae. In 1917, the collection 
was enriched by Pantocsek's Diatoma material of world fame. Filarszky wrote his Chara 
monography, still unpublished, on the basis of the material now known as the Collectio Algarum. 
After World War I I , a preliminary ordering of the collection was made by M. Halász; i ts present 
day suitable arrangement is the work of E. Kol and Zs. Páricsay-Komáromi (1968). 
The collection of algae now contain the following smaller collections: a herbarium 
(exsiccates), a conserved collection, microphotographs, microscopic preparations, and a collec-
tion of living algae. This la t ter was created by E. Kol in 1949, f rom her earlier collections. It 
contains both home and foreign material — among its curiosities are the algal species brought 
into culture f rom the green snow of the Antarctica. I ts value as a s tudy object is considerable. 
The most valuable par t of the microscopic preparat ions is J . Pantocsek's several hundred slides 
of diatoms, rich in types. 
Collectio Palaeophytica. From the first localities of the Hungarian Tertiary flora (Tállya 
and Erdőbénye), the fossil material was acquired by the Hungar ian National Museum. Its 
discoverer and collector was Gy. Kováts. For ninety years thereaf ter there was no paleontolo-
gist in the Depar tment . Beginning, however, with 1940, K. Rásky, and from 1953, G. Andre-
ánszky converted it, with the help of their colleagues G. Szilágyi-Cziffery and E. Horvá th , into 
one of the biggest European collections. Its material contains the documentation of the follow-
ing monographs: "Die Flora der Sarmatischen Stufe in Ungarn" , "On the Upper Oligocene 
Flora of Hungary; Analysis of the Site a t the Wind Brickyard", "Die Oligozäne Flora des 
Kisceller Tons in der Umgebung von Budapest" . The inventoried material of the fossil plant 
collection totals 18.142, the still uninventoried i tems run to more than 20.000 pieces. The num-
ber of described types is 202. The material is arranged according to geological periods, within 
these to localities, and in Hutchinson's system. 
Bibliotheca Botanica. The first few books originated from the legacy of F. Széchenyi, 
the founder of the National Museum. In 1890, 758 books were inventoried. The library of the 
Haynald legacy consisted of about 6.000 volumes and papers, estimated at a value of 5795.65 
Forints. The most valuable items were, e.g., Waldstein-Kitaibel 's and Jacquin's great floral 
works, Kerner 's Hortus sempervirens, Sibthorp's Flora Graeca, etc. Haynald 's careful and regular 
subscription to periodicals was further made possible by his Foundat ion (12.000 Forints) for 
the Botanical Depar tment . Until World War I, the books and periodicals acquired by the 
interest accruing from this Foundation made the library one of the foremost libraries in Europe. 
Between the two world wars, the regular increase of its stock was rather intermit tent owing to 
financial difficulties. During World War I I , a considerable part of the books, displaced for a 
securepreservation, were ruined. Besides purchases, the inner source of incrementation of the 
library since 1877 has rested in the Museum publication "Természetrajzi Füzetek," later called 
(as today) "Annales Historico-naturales Musei Nationalis Hungarici." 
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Recently we published "Fragmenta Botanica," or under its present title, " S t a d i a Bota-
nica Hungarica," containing only botanical material . The value of periodicals received in ex-
change is considerable today. 
Not only the librarians bu t also the Directors, and principally S. Jávorka, of the Botani-
cal Depar tment were zealous supporters of the enhancement of the Bibliotheca Botanica. 
Among the gifts received, I . Györffy's and B. Györffy's material of books and periodicals 
excelled by the value of their botanical content, greatly complementing our bryological l i terature 
and those on the newest branches of modern genetics in the Bibliotheca Botanica. J . B. Kümmer-
le was the f irst librarian; E. Till-Forbát is responsible for it today . The Bibliotheca Botanica 
now contains about 80.000 volumes and 240 current periodicals. Since 1946—1947, the Biblio-
theca Botanica has been a p a r t of the Central Bibliotheca of the Natural History Museum. 
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RECENSIONES 
Jahresbericht 1969, 1970. Staat l . Lehr- uad 
Versuchsanstal t f ü r Wein- und Obstbau 
Weinsberg 
ПЛАП. ша- UND VCЯШтЯЖАМЖТЛиТ 11» WtBI- СЯС ODUTNAO mxNBBENG 
JAHRESBERICHT 
1970 
The Year-books consist of 12 chapters 
per each. 
I . Staff and land structure. 
Enumera t ion of the director and the 
personnel in the various offices a n d sections. 
Distr ibut ion by cult ivation b ranches and 
area of the land of the Ins t i tu te is included 
in the same chap t e r . 
I I . School and s tudents ' hostel . 
Section leader: Orir W. j r . 
1. Two years training of technicians. 
The course s t a r t ed for the ninety n i n t h time 
on 7 t h January 1969 wi th twenty s t u d e n t s . 
A list of the s t u d e n t s with the persona l 
d a t a is presented subsequent ly . A) Theore t i -
cal instruction. E n u m e r a t i o n of theore t ica l 
a n d practical sub jec t s in each g rade . B) 
P rac t i ca l training. N u m b e r of hours and 
d a y s spent in p rac t i ca l training in each 
g rade . C) Examina t ions . The s t u d e n t s sit 
for verbal and w r i t t e n examinat ions in the 
theore t ica l and prac t ica l subjects and h a v i n g 
passed them obtain a certificate. W i t h the 
b reak ing up ceremony the director t a k e s 
leave of the s tuden ts . One of the s t u d e n t s 
del ivers a lecture. I t is on this occasion t h a t 
s t u d e n t s are given var ious prizes a n d deco-
r a t i ons . 
2. Cooper's t ra in ing . Leader: dr. Schulle . 
T h e training l as ted in 1969 f r o m 28 
Apri l to 5 July wi th t he part icipat ion of 14 
s t u d e n t s . In 1970 t h e training course did 
no t t ake place. This section also inc luded 
a course in wine cellar management , where 
s t u d e n t s were t r a ined in 10 theoret ical and 
p rac t i ca l subjects, a n d a t the end of the 
y e a r sat for a f ina l examinat ion in four 
sub jec t s . 
3. Short courses. 
4. Competition fo r the best resul ts . 
I I I . Section of wine chemistry. Sect ion 
l eader : dr. Schmid. a) Tests pe r fo rmed , b) 
Y e a s t purification, c) Trainees, d) Scient i f ic 
work . Owing to t he v e r y large number of the 
v e r b a l and wri t ten t a s k s of the lessons and 
prac t ices and of t h e samples sent in for 
examina t ion there was no o p p o r t u n i t y to 
c a r r y on scientific work in 1969 and 1970. 
IV. Vine breeding. Section leader : dr. 
Schleip. 
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1969: 
a) Variety maintenance. The a im was to 
select suitable clones from varieties grown in 
Württemberg and prepare t hem for propa-
gation. Selection made earlier h a d not been 
satisfactory due to the high degree of sub-
jectivity domineering during the procedure. 
The destruction of the individuals selected 
was the result of insufficient care. The area 
available earlier in Würt temberg proved to 
be too small for really efficient work. Ex-
perience showed t h a t three t imes as large an 
area as the earlier one was necessary. Canes 
have to be evaluated several t imes a year 
which requires labour performed by a num-
ber of workers. The main emphasis is laid 
upon the varieties Trollinger and Rizling. 
Proper selection of clones took place only 
with the variety Burgundi — due to the 
extremely high variation capaci ty of this 
variety. In the case of other varieties se-
lection was made a t random. 
b) Breeding by crossing. The aim was 
to produce a wine grape containing the taste 
matters of the best southern varieties coupled 
with a sufficiently slow ripening which ena-
bles the deevlopment of a suitable acid con-
tent . 
The number of crossings was reduced on 
the basis of wine qualification m a d e during 
1962—64, and in 1969 crossing was only 
performed between weisser Sauvignon and 
Rizling and weisser Sauvignon and Trollin-
ger. Because of the low number of plants 
pollen was obtained from Verona. 
In order to obta in a sufficient amount of 
"cover wine" (wine containing m u c h colour 
substance) fu r the r crossing was performed. 
All the earlier varieties belonged to the varie-
ty Burgundi and their colour was much 
poorer than t h a t of the Spanish wines. 
In 1968 the only „ rub in t raube" variety 
available was crossed with t he variety 
"limberger." In 1969 106 plants were used 
and fifty percent of them was rubint raube . 
Seedlings were selected from a breeding 
plot . Some 700 p lan ts were evaluated and 
propagated. On the basis of preliminary 
evaluations for t he experimental area the 
variety "Helfens te iner" was crossed with 
t he variety "herold ," and a medium quali ty 
red table wine obtained. Growth, berry 
shape and ripening received a good qualifi-
cat ion. Another red wine variety was produc-
ed f rom limberger x schwarzrizling, and a 
whi te wine variety f rom rulander x rizling. 
The variety "Marzemino" was not accepted. 
1970: 
a) Variety maintenance. The earlier ap-
plied methods of clone selection proved un-
suitable. The more t h a n one year old germs 
were infected by viruses. In order to pro-
duce a sufficient amoun t of canes in 1972 
four work groups consisting of young work-
ers were created. Selection was carried 
ou t with great care. Virus diseases were 
shown most intensely by the vascular tis-
sues of the leaves; p lan ts where the symptoms 
of t he disease appeared on a 1—2 mm 
section of the vascular leaf tissue were ex-
cluded from fur ther breeding. In serological 
s tudies performed the following results were 
obta ined. 
1. I t is mainly in the period of leaf de-
velopment that the virus causes consider-
able physiolopical damages. The symptoms 
appeared mostly at the end of J u n e and 
beginning of July f i rs t of all on leaves above 
the clusters, while in autumn on axil lary 
shoots too. In m a n y cases the symptoms 
disappeared in a u t u m n although the p lan t 
was infected. 
2. In the critical period symptoms were 
observed in all varieties. 
3. A single cane of a variety which was 
infected by some vi rus exposed not only 
the other canes bu t also the other vine vari-
eties to danger. 
4. By thorough selection the virus dis-
eases can be successfully eliminated. How-
ever, selection should be more though t fu l 
in t he future. 
5. The selection of virus-free p lants has 
not been solved so fa r . In a snumber of va-
rieties selection is restricted to a single 
vine-stock. 
b) Breeding by crossing. Crossing by 
hand pollination in hea ted polyvinyl t en t s 
was highly efficient wi th the variety lim-
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berger. In 1970 high yields were obta ined 
in t he tr ial plot. 
On the basis of preliminary test resul ts 
four red and two white wine-grape variet ies 
were given state certifications. In addi t ion , 
two blue- and two wine varieties were quali-
fied as of medium qual i ty . 
V. Vine and vine-graft 
Section leader: Kümmere r 
1. Weinsberg, 2. Talheim, 3. Wildeck, 
4. Gundelsheim, 5. Lauf fen , 6. Offenau. The 
main characteristics of the vegetation period, 
phenological data as well as those of p l an t 
protect ion, irrigation and yields for all six 
growing sites are presented subsequently. 
VI . Frui t growing 
Fru i t yields and phenological da ta per 
f ru i t species and t r ea tmen t in Winsberg 
and Heuchlingen are presented. 
VI I . Wine cellar management 
Must- and wine storage in Winsberg, 
Wildeck, Gungelsheim, Offenau and Lauf fen 
are described, and wine prices given. 
V I I I . Advisory service. The 23rd advisory 
session was held in 1969, and the 24th in 
1970. 
I X . Lectures. In 1969 31 while in 1970 
41 lectures were delivered. 
X . Publications. In 1969 15, in 1970 7 
publications were issued. 
X I . Climatic data . Temperature, precipi-
ta t ion, number of sunshine hours, number 
of f ros ty and icy days are included. 
X I I . Experiments and researches of 1. 
Wine cellar management, 2. Fruit growing 
and 3. Vine growing are described. 
G Y . B O R K A 
A Vicia-fajok termesztése és nemesítése (Grow-
ing and breeding of Vicia species). (Ed . : 
A. JÁNOSSY), Akadémiai Kiadó, Budapes t 
In the past months a highly valuable 
and interesting volume was added to t he 
Monography Serie of the Department of 
Agricultural Sciences of the Hungar ian 
Academy of Sciences. Namely, a work was 




and breeding of Vicia species (vetch produc-
tion)." This book is considered to meet a 
long felt need, as it sums u p the knowledge 
of a plant genus not often deal t with in the 
literature on the basis of the most recent 
research results and pract ical experiences. 
The genus Vicia covers some 150 species 
the overwhelming major i ty of which are 
wild species and only a few of which have 
entered the lines of cult ivated plants. The 
cultivated plants among them are: the horse 
bean, the common vetch, the hairy vetch 
with two varieties, and the Pannonian vetch. 
Their economic value — and consequently 
their util ization, too — is different. Their 
production is not general, i t mostly takes 
place in isolated centres. There are species 
which can be considered as ancient cultivat-
ed plants, while others have only recently 
been introduced to production. Thus, e.g. 
the horse bean and the common vetch are 
old cult ivated plants, while the hairy vetch 
and the Pannonian vetch have become field 
crops in the most recent t imes. 
11* Acta Agronomica Academiae Scientiarum Hungaricae 22, 1973 
4 9 2 R E C E N S I O N E S 4 9 2 
There are species within the genus Vicia 
which have often drawn at tent ion to their 
usefulness and at tempts have been made 
to produce them, or else, even of they were 
established as field crops were only the sub-
jects of repeated production a t tempts and 
have been introduced, only, in small districts. 
Thus e.g. the book mentions the Vicia nar-
bonensis, which is produced, here and there, 
all over the world, and according to Sándor 
Cserháti was produced for years at the end 
of the 19th century in the domain of Lepsény. 
Attempts have been made to grow Vicia 
dumetorum, V. cracca, V. sepium, V. striata, 
etc. too However, they have not met the 
expectations. The production of V. monantha 
and V. ervilia has been maintained to some 
extent under extreme conditions, mainly 
in Eastern Europe. The production of V. 
angustifolia in the Mediterranean regions 
and Western Asia, of V. articulata in West-
end South-West Europe, of V. benghalensis 
in North-America can be met sporadically. 
There are outstanding morphological 
differences between the Yicia species and, 
consequently, their production requirements 
and methods are also different. Thus e.g. 
the differences are great between the horse 
bean and the common vetch or other vetches. 
The differences are similarly great in their 
production purposes and area of utilization. 
E.g. the horse bean is definitely a grain 
fodder, used for human consumption to a 
small extent , while the other vetches are 
used as green fodders, silages, or to a small 
extent — as in the case of common vetch — 
as hay. 
The interest shown in their production 
also manifests itself in different degrees. 
Thus, due to its high climatic requirements 
the horse bean is the plant of more humid 
sea coasts and its production in Hungary is 
very limited. New interest has been raised 
towards it, however, with the protein prob-
lem and the necessity of its solution coming 
into the limelight. With the extension of 
irrigation farming its role may increase. 
The production of common vetch was 
wide-spread, moreover, before the introduc-
tion of perennial Papilionaceae in the past 
period it was the most impor tan t rough 
fodder grown in the field. However, due to 
its single crop it is expensive, although, as 
a result of i ts early harvest preceding the 
period of drought , it gives relatively reli-
able — though not large — yields. The pro-
duction of mixed winter fodders of hairy-
and Pannonian vetches is gradually increas-
ing as a result of the wide possibility of their 
application, since — due to their early har-
vest — they almost certainly make a second 
crop possible, and so provide a large amount 
of nutrient per unit area. Under Hungarian 
conditions a fu r ther increase in the produc-
tion of hairy- and Pannonian vetches is a 
serious and well-founded objective. 
It should be mentioned t h a t — except 
the horse bean — a considerable seed pro-
duction of the cultivated vetches is carried 
on in Hungary, not only to meet the inland 
requirements bu t also for expor t purposes. 
The interest of farms is indicated by the 
fact that in the framework of contractual 
seed production the planned area of common 
vetch was exceeded by 160 percent, that 
of the hairy vetch by 201 percent and the 
area of Pannonian vetch by 155 percent, 
even in 1966. For this very reason the seed 
cleaning of vetches is also organized, and 
there is a raw material processing capacity 
of about 10.000 tons available. The separation 
of the seeds f rom those of the supporting 
plant is generally carried out a t the site of 
production, whereas up- tp-date base ma-
chines, high capacity horizontal disc sepa-
rators, rubber machines and separators are 
available for the cleaning of vetches. Sev-
eral hundred wagons of vetch seed are ex-
ported annually, the overwhelming majority 
of which — even today — is common vetch. 
In this field France and Bulgaria are the 
rivals of Hungary . The great interest in 
vetch seed is shown by the fac t that , apart 
from the socialist relations, there are Hun-
garian exports to the German Federal He-
public, Austr ia , Italy, Holland, Denmark, 
the United Sta tes of America, and — though 
in smaller quanti t ies — even to Japan . 
The authors of the monography were 
well directed so the individual parts join 
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each other logically and the adequate pro-
portions are ensured everywhere. The style 
of the book is also perfect ly uniform, and 
the individual parts are co-ordinated. 
The work is divided into introduction 
and four main parts. I t s special value is 
t ha t it does not concentrate on the cult ivat-
ed Vicia species, bu t deals with the wild 
species too, first of all wi th those occurring 
in Central Europe and Hungary . 
The introduction discusses the agricul-
tural importance of t he Vicia species and 
their production, geographic position, the 
role and distribution of cultivated Vicia 
species. 
At the end of each chapter a full list of 
references presents the related li terature. 
This gives information about research re-
sults u p to the present day . I ts outstanding 
merit is t h a t the exposé of literature, of ten 
unavoidable with monographic t rea tment , 
is pushed into the background in this case, 
because both the text and the tables and 
photos are based dominant ly on the authors ' 
own investigations. They include even such 
minor details as the va lue of components 
in the wild Vicia species, etc., which has 
little practical value today and serves only 
to ensure completeness. 
The f irst part discloses the biology of the 
Vicia species with a preciseness so far un-
known in the literature. In this part the 
section dealing with the taxonomy of t he 
Vicia species, as well as the taxonomic 
key of the Hungarian species which includes 
the morphological fea tures of seeds and 
seedlings are especially valuable. The chro-
mosome relations of the Vicia species are 
discussed iu a separate subchapter, since 
e.g. the horse bean — due to its low number 
of large size chromosomes — is highly suitable 
for investigations at the level of cells. I t is 
a widely used test p lant as to nucleic acid 
metabolism as well. F u r t h e r on, the pa r t s 
related to the external and internal morphol-
ogy of the Vicia species, which even in-
clude the anomalies are outstanding. The 
authors ' own research materials concerning 
the germination physiology, metabolic proc-
esses, evolution biology, flowering biology 
and genetic conditions of the Vicia species 
are excellently treated. 
Part I I discusses the relationship be-
tween the Vicia species and the environment. 
In this f ramework the climatic and edafic 
factors are deal t with comprehensively, in 
spite of the different requirements. The axis 
of the chapter is made up by the diseases 
and pests of the Vicia species and their 
control. This is quite new, since the Vicia 
species — being a rather neglected group of 
cultivated p lants — have not been treated 
independently so far. This pa r t is followed 
by the chemical weed control of Vicia spe-
cies which — except for the horse bean — 
is not very interesting. Even in the case of 
the horse bean only foregoing a t t empts can 
be spoken of. All these parts are excellently 
completed — besides the photos, figures and 
drawings — by the coloured tables of K. 
Komjáthy, I . and Dr. Papp, E. , which show 
a wide range of vetches, including the patho-
gens and pests too. 
Part I I I is the axis of the monography 
discussing the growing of Vicia species, for 
feed mixtures and seed production separate-
ly. This p a r t meant a diff icult problem, 
the more so because the agrotechnical require-
ments of p lan ts of totally different demands 
and type had to be co-ordinated. The part 
discussing the questions of production is 
followed by an evaluation of the tests and 
data on the value of the components in the 
Vicia species. This part includes the data of a 
whole series of wild vetches. 
The last pa r t , Part IV deals with the 
breeding methods and -results of the Vicia 
species a t a very up-to-date level. This is 
all the more important , because the Hungar-
ian research workers were pioneers in 
breeding the common- and Pannonian vet-
ches and introducing them in production. 
The chapter on breeding is completed by a 
list of t rue-bred varieties, which is very 
comprehensive and also includes discovered 
local varieties. A good basis for this was the 
rich foreign collection and the material of 
the Hungarian local variety research at the 
Institute of Agrobotany. I t might be men-
tioned tha t — probably due to the time at 
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the printer 's — the "Lippói" horse bean , 
the only certified Hungarian horse bean 
variety developed f rom a local variety is not 
mentioned in the book. 
In our opinion, as an obstacle to the wide 
introduction of horse bean production, i ts 
high seed requirement per unit area and a 
consequent low propagation ratio should 
have been mentioned. 
When speaking of vetch mixtures, be-
sides the mixture of peas and vetches its 
jo int production with lupine, too, could have 
been mentioned, which is used in Nor th -
Eas t Hungary, and is rather wide-spread in 
Poland. 
The book consequently uses the t e rm 
"fodder ve tch" which, in fact, may refer to 
any of the species. Perhaps it would have 
been better to stick to the name "common 
ve t ch" (or "spring ve t ch" as called in Hun-
gary). For the sake of completeness it might 
have been mentioned that the common 
(or spring) vetch also has an autumn varia-
tion produced earlier in Hungary, too. Name-
ly, according to earlier experiences, i ts 
winter-hardiness is equal to, or slightly 
bet ter than tha t of the autumn peas. 
All these, however, do not affect the in-
ternal value of the work; perhaps, it is only 
the rich presentation tha t increases the de-
mands . 
The monography is a great asset to agri-
cultural li terature, because it has disclosed 
an uncleared part of production giving guid-
ance for a considerable time to theoretical 
knowledge and practical experience concern-
ing the Vicia species. 
D . P E N Y I G E Y 
P. S T E F A N O V I T S : Brown forest soil of Hun-
gary. Akadémiai Kiadó, Budapest, 1971. 
Research on the alkali soils was for a long 
t ime the internationally most recognized 
branch of Hungarian soil science. Al though 
we had noteworthy results in other fields 
of soil science, too, it was mostly in the last 
two decades only t h a t the internat ional 
scientific life began to show similar appre-
jaiMiäi мчф-ниш o f H u n g a r y 
ciation for them as for the alkali soil research. 
Pál Stefanovits played an important role in 
effecting this welcome change. He joined 
the work of soil mapping in Hungary in 
1943, and in ten years completed soil maps 
of 350.000 ha area. Investigations made in 
the course of this work as well as the collect-
ing and processing of the different da ta 
made it possible for him to become the leader 
of an up-to-date soil surveying work extend-
ed to the aspect of land utilization, too, 
on one hand; and -— in the possession of a 
material required for the soil mapping — to 
elaborate with his collaborators a Hungarian 
soil system built on a genetic foundation, 
on the other. 
Stefanovits 's special line has always been 
the research of forest soils. Wi th a thorough 
analytical work he cleared up the conditions 
for the development of soil types, the proc-
esses taking place in them and made pro-
posals on their practical utilization, too. 
The importance of this work is shown first 
of all by the fact that a round 60 percent of 
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the area of Hungary is covered by forest 
soils, and of them 36 percent is the share 
of brown forest soils. Of the 60 percent forest 
soils forests do not occupy more than 14—15 
percent . From the above numerical da t a it 
is clear that a more detailed knowledge of 
the forest soils is impor t an t not only for the 
forest management; still greater advantages 
may result from i t for the agriculture. 
Yields are highly varied on the brown forest 
soils, too; at some places 5—10 q/ha while at 
other places even 25—35 q/ha grain yield 
may be harvested. Thus , the classification 
of forest soils and the disclosure of their 
regularities are of great importance f rom 
an economic point of view, too. 
This is the reason why Stefanovits's book 
is so valuable, though its role in making the 
results of Hungarian research known abroad 
is not less important either. Our language 
conditions mean numerous disadvantages 
for us, so any work t h a t sums up briefly 
and concisely the resul ts attained by us in 
some special field in a world language ful-
fils a great mission. I t not only gives infor-
mation on the present level of research work, 
bu t also calls a t tent ion to earlier l i terary 
publications which could not become gener-
ally known for the very reason of lingual 
difficulties. Therefore, Stefanovits's work 
has a great mission to fulfil from the point 
of view of science his tory , too. 
The book is divided into four par ts . In 
the f i rs t part the au thor gives a short review 
of how the system of soils — and of brown 
forest soils within it — has developed. He 
agrees with Tyurin's proposal on separat ing 
the brown forest soils into Western-, Cen-
tral- and Eastern European facies; the brown 
forest soils of Hungary can be placed among 
the Central European and South-Eastern 
European brown forest soils. The author ' s 
main ambition is to prove the correctness 
of this classification in his book. The f i rs t 
pa r t contains, fur ther , a short description 
of the methods employed during the survey 
and the way of evaluat ion of data obtained. 
The second par t analyses the processes 
taking place in the brown forest soils and 
playing a role in soil formation. I t deals 
with h u m u s formation, leaching and accu-
mulation, clay formation and — decompo-
sition, clay migration, formation of "kovár -
vány",* processes of reduct ion and oxida-
tion, acidification, processes of brown forest 
soils tu rn ing into steppes, soil and wind 
erosion and separately wi th the erosion of 
brown forest soils. 
The Hungarian results are presented in 
comparison with the results of foreign, f i r s t 
of all, Russian-Soviet and German research-
ers. In th is part a large number of results 
obtained by the study of the DTA curve of 
clay are given, too, and many good photos 
illustrate the regularities gathered from the 
microsections. The author was the f irst in 
employing widely these techniques in H u n -
gary. Thus his exposition is very instructive 
not only concerning its content but method-
ologically, too. 
A lot of genuine research results are 
contained in the chapter wri t ten on the for-
mation of "kovárvány". László's a t tent ion 
was called to this phenomenon as early as 
in 1913, i ts detailed s tudy was, however, 
performed by Stefanovits. He distinguishes 
four kinds of "kovárvány" , of them the typ-
ical " k o v á r v á n y " develops in homogenous 
acidic sands, and in its formation the proc-
esses playing a decisive role in the develop-
ment of brown forest soils, too, dominate. 
Development of predestined "ková rvány" 
layers is conditioned by an anisotropic pa r -
ent rock and different geological s trat if i -
cation. Secondary "ková rvány" is brought 
about as a result of a very intensive clay 
infil tration. I ts precondition is: a paren t 
rock containing clay, in the more sandy 
layers of which, developing after the clay 
migration thin dark veins appear in the 
course of forest soil formation. Finally, the 
so called compound " k o v á r v á n y " develops 
when a coarse parent rock is mixed with a 
loess or other similar t ex tured layer. 
The author 's investigations into the 
changes occurring in the brown forest soils 
under the influence of agricultural cultiva-
tion are very interesting. He studied soils 
* sandy soils marbled with ferric oxides 
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proved by old maps to have been under agri-
cultural cult ivat ion for almost two hundred 
years and compared them to one another 
and to the investigation results of similar 
nearby soils proved again to have been cov-
ered with forest for a long time. The in-
fluence of crop production is summarized 
as follows: The water supply is different due 
to differences in location between the roots 
of plants in the two cult ivation branches. 
Under the influence of agricultural crop 
production the upper soil layers are drier 
but in the deeper layers moisture content 
is higher t h a n in the forest soils. Organic 
matter contents show less than 0.5 percent 
differences in favour of the forest soils. Sat-
uration under forests shows a downward 
increase f rom 42 per cent to 100 per cent; 
under arables higher saturat ion values can 
be found. Soil dynamics change, acidity 
decreases as a response to agricultural crop 
production. I t would have been useful to 
complete the figures il lustrating the periodi-
cal water contents (Figs 11—14) with the 
distribution of precipitation and the water 
regime characteristics of soil layers (water 
capacity, hy , clay content). These data are 
difficult to identify f rom the tables; in 
many cases da ta required for this are not 
even available. 
The chapter which deals with the ques-
tion of erosion discusses the effects of wind 
and water erosion and separately the erosion 
of brown forest soils. Informat ion on damage 
done and on the erosion processes occurring 
is given by a map. 
In the thi rd part the brown forest soil 
types are described. After a brief morpholo-
gical description the author presents the 
differentiating characters highly important 
from the point of view of identifying the 
individual types ; special emphasis is laid on 
the proportion of clay content in the differ-
ent layers. Then reference is made to the 
water regime of the types, and the character-
istics by which the sub-units within the 
types — sub-types, variat ions — can be 
distinguished, are listed. 
The clear definitions solve the problems 
of many organizers and supervisors of farms. 
I t must be realized that in field work the 
knowledge of characteristic fea tures is in-
dispensable for the classification of transi-
t ional types. 
Distinction made between variat ions on 
the basis of the thickness of the surface soil, 
which is very practical, and is fully supported 
by the practice of forest management . 
According to our experiences th is factor 
decisively influences — besides the choice 
of the stand — the volume of wood yield, 
too. As for the future, a t tent ion is worth 
being paid in the case of certain brown for-
est soils (e.g. acidic, non-podzolic brown 
forest soils) to the percentage amoun t of 
detritic parent rock. This, too, o f t en affects 
the volume of wood yield. 
In the four th part the area! distribution 
of brown forest soils is discussed. The author 
describes the system of regions and large-
regions and characterizes them in a few sen-
tences even when the proportion of brown 
forest soils within them is low. By doing so 
he gives the reader opportunity to get a com-
prehensive picture of the soil conditions in 
the country, and f i t those told about the 
forest soils in this picture. 
The book is completed with appendices 
referring to the text . Tables show the data 
of a detailed analysis of the characteristic 
soil profiles studied, from the description 
of the site to the laboratory analysis. Latter 
contains mostly the following: mechanical 
structure, specific weight, volume weight, 
porosity; other physical characteristics: pH, 
Ун Ун CaC03, hy , Arany's point of sticki-
ness, humus, exchangeable cations, complete 
analysis of clay fraction, exhangeable iron, 
aluminium and silicic acid. Da ta not only 
produce proof to what is said in the text, 
bu t at the same time offer a basis for com-
parison and for classification into types, too. 
A short explanation of some analyt ical re-
sults would have served for clearing the 
uncertainties. 
12 coloured photos show the character-
istics of the soil types described. I t is prob-
ably for reasons of printing technics that 
the coloured pictures form the only less 
successful part of the book. The overdomina-
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tion of green and blue colours has sometimes 
a disturbing effect. 
To sum it up, we can say t h a t Pál Ste-
fanovits 's work is a brief and concise summa-
ry of our knowledge acquired so far of the 
Hungarian brown forest soils. I t is a short 
bu t meaningful treatment of the subject. 
I t gives the reader a full picture of the sub-
ject discussed, a survey of the most important 
foreign and Hungarian publications, and 
information on the abundant results of the 
decades of author 's activity. I t is an addition-
al pleasure to its scientific value and practi-
cal utility t h a t this highly impor tan t work 
has been published in excellent English 
translation. 
Z . J Á R Ó , I . S Z O D F R I D T 
Revue Roumaine d'Embryologie et de Cytologie 
Série de Cytologie. 1971. 8. 1—2. 
The periodical is a publication of t he Rou-
manian Academy of Sciences. Its a im is to 
publ ish original papers written on subjects 
of anatomy, histology, ul t ras t ructural re-
search and histochemistry. The papers are 
wr i t ten in French, English and German. 
Even a cursory review suggests t h a t the 
publication is well constructed and has high 
requirements bo th for content and form. 
A thorough examinat ion confirms th is opin-
ion. The introductory study of t he first 
number of the volume is a work by the acad-
emician Marza and his group. The authors 
have been studying for some time the self-
renewal processes of cells. In the present 
paper they discuss t h e correlations between 
the DNA content and size of nuclei in the 
course of granulocytopoiesis. The essence 
of the problem is, in fact , the interrelation 
between division and differentiation, which 
has always been a fundamental quest ion of 
cytology. The granulocyte matura t ion se-
ries is a good model system for s tudying this 
problem. In the course of investigations the 
D N A content of nuclei and its changes in 
t he members of the promyelocyte — poly-
morphonuclear cell series were determined 
wi th a cytophotometric method. On the 
basis of their data t he inesoplastic a n d tele-
plast ic phases of differentiation can be well 
characterized. In t he former phase cells are 
still able to divide, while the lat ter is the 
phase of maturat ion without any division 
of cells. A necessary precondition of meso-
plastic division is t he reproduction of the 
DNA content (and no t the doubled volume 
of the nucleus). The increase in the volume 
of the nucleus is no t proportional to t h a t of 
the DNA content. I t is interesting t h a t the 
correlation between DNA: nucleus surface 
is less pronounced in the mesoplastic period 
t h a n in the teleplastic differentiation. I t 
t hus seems that the dimensions of t he nu-
cleus are determined by a number of factors 
namely — besides t he DNA content — by 
a heterosynthetic ac t iv i ty , and that in a way 
characteristic of each phase of matura t ion . 
The first number includes another paper 
wr i t ten on cytophotometr ic methodology, 
a s tudy of Aratei et al. on the DNA conten t 
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of human oocytes. The authors po in t out 
t h a t the oocytes m a y possess more t h a n twice 
t h e DNA content in the lymphocytes (dip-
loid cell). On this basis they discuss whether 
t he priciple of t h e constancy of t h e DNA 
content can be applied to the given object. 
I t is a well known fact that the function-
ing of the individual organs and of t h e whole 
organism shows rhythmical (daily, monthly, 
seasonal) changes. This rhythm is also mani-
fes ted in the act ivi ty and morphology of 
cells. In the f i rs t number two p a p e r s deal 
w i th this subject. C. Barbarasa describes the 
changes in the number and localization of 
nucleoli in liver cells as a function of feeding 
t ime. According to his observat ions the 
number of nucleoli is the lowest 6 hours 
a f t e r feeding, and reaches a m a x i m u m after 
12 hours. The a u t h o r brings the changes into 
connection with metabolic processes follow-
ing the uptake of food. 
M. Balan and L. Marza demonst ra ted 
rhythmical changes dependent on t he type 
of nervous system and time of feeding in the 
division of epithelial cells of t h e gastric 
mucosa and in t he eosinophil cell conten t of 
t h e mucous membrane . It is an interesting 
observation of theirs that the ampl i tude of 
daily fluctuations in the mitotic index de-
pends on the t y p e of nervous sys tem: in 
highly mobile (sanguinic and choleric) groups 
it is wider t h a n in the weak group . There 
is an inverse correlation between t h e func-
t ional activity of the stomach and t h e mito-
t ic activity of cells. 
In this number several papers deal with 
t he morphophysiology of pathological proc-
esses caused by experimental in jur ies . The 
processes of calcium accumulation in the 
lesional centres were studied by L. Wasser-
m a n and his collaborators under t h e condi-
t ions of cardiovascular- and k idney lesions 
caused by dihydrotahysterin a n d sodium 
phosphate. According to observations made 
with autoradiographic methods only a low 
quant i ty of labelled calcium appear s in the 
centres suggesting that the accumulated 
calcium salts originate from the reserves of 
the organism. S. Dolinescu et al. discuss the 
pathogenesis of atherosclerosis, D. Onicescu 
and I. Cuida the problems of anaemia and 
experimental siderosis in their respective 
papers. 
There is a paper on endocrine in the f i rs t 
number too: a s tudy by M.I. Hurduc and 
his collaborators. The authors described the 
qual i ta t ive and quan t i t a t ive changes in the 
cells of the adenohypophysis after the extir-
pat ion of the thyroid gland. 
The diversity of subjec ts is characterized 
— besides the above — by the fact t h a t in 
this number a s tudy is included on an in-
ver tebra te (T. Gheorghiu's paper on the 
muscle tissues of Bombyx mori larvae) 
and one by S. Ch. R o y on the karyology of 
var ious Scilla species. 
The second number of the volume con-
tains 15 papers. We cannot give detailed 
information on them here only wish to call 
a t t en t ion to the subjects . The two introduc-
tory papers deal wi th the problem of liver 
cirrhosis. M. Banerjee describes the karyo-
type of three species in the family Lem-
naceae. The study of I. Kiricuta and his 
collaborators who pointed out tha t some 
surface active substances induced metastasis 
is very interesting. M. Dragan et al. describe 
a rap id and simple staining method elabo-
ra ted by them for the identification of cancer 
on the neck of the u te rus . 
Investigations m a d e by Stoica and Io-
nesco who analysed the changes of 14 differ-
ent — mainly lysosomal — enzymes in 
alveolar macrophages in the course of im-
mune reactions and found the activity of ly-
sosomal enzymes to be increasing — are 
wor th being paid a t ten t ion . 
M. Gocan's paper is also an enzyme-his-
tochemical work; he studied the activities of 
thyro id succindehydrogenase, ATP-ase and 
alkaline phosphatase a f t e r TSH t rea tments . 
I n an interesting summarization T. Co-
m a n reviews the d a t a on the ul t rastructure 
of respiratory organs in vertebrates and the 
evolutionary conclusions drawn from them. 
The number contains several pa thomor-
phological studies too, among others on 
morphological and histochemical. changes 
observed under pathological conditions in 
the thyroid gland, cardiovascular system, 
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skin and digestive t ract . Special a t tent ion 
is called to a study by S. Constatinescu and 
G. Filipescu on mitochondria which is an 
exemplary work f rom the point of view of 
both its content and the wide range and up-
to-dateness of the methods applied. 
To sum up this necessarily brief and lim-
ited survey I should like to emphasize 
tha t owing to the great diversity of subjects, 
the valuable content and methodological 
up-to-dateness of investigations the periodi-
cal is highly noteworthy and can be recom-
mended to every expert who deals with the 
problems of ana tomy, histology and ultra-
structural research. 
J . K O V Á C S 
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Viola tricolor; 'E lec t r i c a ided ' pol l ina t ion: a m e t h o d of b reak ing incom-
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b reed ing barr iers in Lycopersicon ; Origin of maize; Ac t inomyc in -D and 
v a r i e t a l a d a p t a t i o n in whea t : D i f f e ren t sex pheno types of Cucumis spp . ; 
Diplo id par thogenes is and androgenesis in diploid Solannum ; P l an t dens i ty 
e f fec t on expression of heterosis for yield in whea t ; In te rspec i f ic hybr id i -
za t i on in Linum ; T h e use of compu te r s for i n fo rma t ion m a n a g e m e n t in 
p l a n t breeding: T ransp l an t i ng m a t u r e head t y p e l e t t uce for seed pro-
d u c t i o n . 
Pub l i shed t h r ee t imes a yea r , in annua l volumes of about 550 pages . 
Subscr ip t ion vol . 22 (1973) 65 guilders (about $20.15) a year . 
Vols . 2 (1953) — 21 (1972) a t 40 guilders per v o l u m e (about $12.50) 
Vol . 1 (1952, r ep r in ted) $12.50 
Correspondence should be addressed to: 
Dr. A. C. ZEVEN 




Begründet 1930 von Prof. Dr. E . SCHAFFNIT 
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Die P H Y T O P A T H O L O G I S C H E ZEITSCHRIFT ist das internationale Sammel-
organ für die wichtigsten Arbeiten auf dem Gebiet der Phytopathologie. Ihr besonde-
res Streben ist: knappe, klare Fassung der Ergebnisse, also Vermeidung jeder Weit-
schweifigkeit in der Darstellung. Die Veröffentlichungen erscheinen in deutscher, 
englischer, italienischer oder französischer Sprache mit deutschen und englischen 
Zusammenfassungen. Für alle auf phytopathologischem Gebiet tätigen Forscher 
und phytopathologischen Institute für Agrikulturchemie, für landwirtschaftliche 
Versuchs- und Forschungsstationen, Pflanzenzüchter, Pflanzenphysiologen und den 
Baumschulfachmann gibt die Zeitschrift wertvolle und unentbehrliche Anregungen. 
— Die Herausgabe von Beiheften, die unter dem Titel „Acta Phytomedica" 
erscheinen sollen, wird vorbereitet! 
Erscheinungsweise: jährlich 12 Hefte, 4 Hefte bilden einen Band, jedes Heft umfaßt 
6 — 7 Druckbogen. Bezugspreis: je Band DM 176, — . Das Abonnement verpflichtet 
zur Abnahme jeweils kompletter Bände. Einzelbezugspreis der Hefte außerhalb 
des Abonnements 10% teurer, als D M 48,40 
herausgegeben von den Professoren 
H . K E R N 
Zürich 
H . RICHTER 
Berlin-Dahlem 
P A U L P A R E Y IN B E R L I N U N D H A M B U R G 
TO K E E P UP TO D A T E W I T H A G R I C U L T U R A L R E S E A R C H 
The simplest and best method is to consult 
Herbage Abstracts 
(for grasses , pastures, range lands and fodder crops ) 
and 
Field Crop Abstracts 
(for a n n u a l field crops) 
If you would like to receive a free copy of either of these 
quarterly journals please write to: 
Commonwealth Bureau of Pastures and Field Crops, Hurley, 
Maidenhead, Berks SL6 5LR, UK 
CAB 
PHYSIK UND CHEMIE DER ZUCKERRÜBE ALS 
GRUNDLAGE DER YERARBEITUNGSYERFAHREN 
v o n У . V U K O V 
Diese in der i n t e r n a t i o n a l e n Z u c k e r f a c h l i t e r a t u r bisher allein das t ehende Mo-
nographie e r f a s s t den vielseit igen Qual i tä t sbegr i f f der indus t r ie l len Zucker -
rübe durch wissenschaf t l ich e ra rbe i te te q u a n t i t a t i v e Z u s a m m e n h ä n g e , u n d 
ermögl icht auf dieser Grund lage ein t echn isch-wi r t schaf t l i ches O p t i m u m bei 
der Ve ra rbe i t ung der Z u c k e r r ü b e n der ve r sch iedens ten A n b a u g e b i e t e . 
I n deutscher Sp rache • 457 Seiten • 111 Abbi ldungen • 194 Tabel len • 
Ganzleinen 
A K A D É M I A I K I A D Ó 
Verlag der Ungar i schen A k a d e m i e der Wis senscha f t en 
B u d a p e s t 
P O L I S H A G R I C U L T U R E , F E A T U R E S , T Y P E S A N D R E G I O N S 
b y J. Kostrowicki a n d R. Szczesny 
(Geography of Wor ld Agr icu l ture 1) 
This book gives a comprehens ive p i c tu re of t h e Pol ish agr icul ture t o - d a y , 
acqua in t ing t h e reader a t t h e same t i m e wi th t h e research methods appl ied 
in th is f ie ld of Pol ish agr icu l tu re -geography . The m e t h o d s of inves t iga t ion 
described m a y successful ly be employed in o ther count r ies too. 
In Engl i sh • Approx . 160 pages • Cloth 
B I O C H E M I C A L A N D E C O L O G I C A L A S P E C T S O F P L A N T - P A R A S I T E 
R E L A T I O N S 
edited b y Z. Király and L. Szalay-Marzsó 
(Repr in ted f r o m Acta Phy topa tho log i ca Academiae Sc ien t ia rum Hunga r i cae , 
Vol. 6, 1971) 
This v o l u m e presents t h e papers del ivered a t the Sympos ium held on t h e 
occasion of t h e 90th ann ive r sa ry of t h e H u n g a r i a n Research I n s t i t u t e for 
P l a n t P ro tec t ion , B u d a p e s t , Sept . 28 —Oct . 1, 1970. T h e book conta ins fou r 
chap te r s : Deference Reac t ions of P l a n t t o In fec t ions ; Ecology of Pes t s ; N e w 
Approaches to Pes t Control and Sys t ema t i c Fungicides a n d their Mechan i sm 
of Act ion 
I n English • 425 pages • Cloth 
N U C L E I C ACIDS A N D P R O T E I N S I N H I G H E R P L A N T S 
edited b y G. L. Farkas 
(Symposia Biologica Hunga r i ca 13) 
The S y m p o s i u m , t h e f i r s t in te rna t iona l mee t ing of its k i n d , covered ana ly t i ca l , 
s t ruc tu ra l and metabol ic aspects of nucleic acids and p ro te ins in higher p l a n t s . 
Recent f ind ings and deve lopments in t h e synthesis and hormonal con t ro l of 
prote ins and nucleic acids are discussed in detai l . Special a t t en t ion is be ing 
devoted to t h e p rob lem of nucleic acid and protein syn thes i s in cell par t ic les 
and to t h e role of nucleic acids and p ro te ins in p lan t deve lopment . 
In Engl i sh • Approx . 300 pages • Cloth 
A K A D É M I A I K I A D Ó 
Publ i sh ing House of t h e H u n g a r i a n A c a d e m y of Sciences B u d a p e s t 
Automation 
of CAB Services 
T h e C o m m o n w e a l t h Agr icu l tu ra l B u r e a u x a r e in t roduc ing c o m p u t e r tech-
n iques for t h e provis ion of special is t sc ient i f ic in fo rmat ion services for 
agr icu l tura l research workers. T h e new s y s t e m will f ac ih ta te : 
(a) speedier journa l p roduc t ion a n d earl ier notice of papers , 
(b) t h e inclusion of improved indexes in each journa l issue, 
(c) t h e search of t h e whole CAB d a t a base to p r o v i d e special 
o u t p u t s on selected topics, c u r r e n t awareness, pe r sona l and 
g r o u p services, a n n o t a t e d b ib l iographies , etc., 
(d) t h e in te rchange of i n fo rma t ion w i t h other m a j o r informa-
t ion services in t h i s field, 
-
(e) t h e supply of magne t i c t apes . 
Some a u t o m a t e d journa l p r o d u c t i o n will s t a r t in 1972 a n d f u r t h e r de-
ta i ls will be a n n o u n c e d in d u e course. 
A n y enquir ies should be addressed to: 
Systems Manager, 
Commonwealth Agricultural Bureaux, 
Farnham House, Farnham Royal, 
SLOUGH SL2 3BN, England. 
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Acta Agronomica публикует статьи по аграрной тематике, главным образом тео-
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